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Preface 
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to-date preparation guides fur the UKMIT Step 1. Ruth this text and its com¬ 
panion, furs/ Aid for the Basic Sciences; Genera} Principals* arc designed to fill 
the need for a high-quality, in-depth, conceptually driven study guide tor Step 
1 of the USMLE, They arc designed to he used either alone, or in conjunc¬ 
tion with the original Hrs/ Aid for the USMLE Step l. In this way. students 
can tailor their own studying experience, calling on either book, according to 
their mastery of each subject 

These books would not have been possible without the help of the hundreds 
of students and faculty members who contributed their feedback and sugges¬ 
tions, We invite students and faculty to please share their thoughts and ideas 
to help us improve furs/ Aid for the Basic Sciences: Organ Systems. (Sec 1 low 
to Contribute, p. xiiih) 
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Embryonic Heart Structures and Adult Derivatives 

The primitive heart tube is formed by the lateral folding and fusion of the 
endocardial heart tubes. Il forms dilatations that will become the structures of 
the adult heart (see Table 1-1). 

Formation of Septa 
Atrial Septum 

The atrial septum is responsible for the initial division of the primitive atrium 
into the left and right atria. The steps of development arc as follows (see fig¬ 
ure 1-1): 

The septum primum begins to move toward the atrioventricular (AV) sep¬ 
tum. The space between the leading edge of the septum primum and the 
AV septum is termed the ostium primum. The ostium primum is obliter¬ 
ated when the septum primum reaches the AV septum. 

The ostium secundum is formed as tissue regresses in the center of the 
septum primum. 

The septum secundum forms alongside the right edge of the septum pri- 
tnuni. it then fuses with the remaining portion of the septum primum to 
cover the ostium secundum. This fusion forms the atrial septum. 

A defect remains in the septum secundum even after fusion to form (he 
atrial septum. This defect is the foramen ovale, which allows blood to he 
shunted from the right atrium (RA) to the left atrium (I A) during fetal life. 
After birth, the increase in pressure in the LA closes the foramen ovale. 

Atrial septal defect (ASD) is an opening in the atrial septum allowing blood to 
flow between the atria (see Figure 1-2). The most common form is the ostium 
secundum type due to excessive resorption of the septum primum or inade¬ 
quate formation of the septum secundum. Patients are typically asymptomatic 
until adulthood, but the clinical course depends on the si/e of the defect. 


TABLE i-i. Embryonic Heart Structures and Adult Derivatives 


iaimiHiiiiHm»tmi.ii)iiiiM>wiwiuiniHR«iitmMiitBiwuwimmmiHtim»«i 

Embryonic Structure 

anBnti‘imrmiatiimti i iimi iimui 

Adult Structure 

Trtincus arteriosus 

Ascending aorta and pulmonary trunk 

Bulbus cordis 

Smooth parts of left and fight ventricle 

Primitive ventricle 

Tr a b ecu fated parts of left and light 

ventricle 

Primitive atrium 

Trabeculated parts of left and right atria 

Left horn of sinus venosus (5V) 

Coronary sinus 

Right horn of SV 

Smooth par! of right atrium 

Right common cardinal vein and right anterior 
cardinal vein 

Superior vena cava 




























CARDIOVASCULAR 


Septum Ostium 



Se P lum Seatum 



Foramen Septum 

ovale primum 


figure 1*1, Embryologic development of the septum. 


Classic signs of ASD include the following: 

Wide, fixed splitting of S2 

Systolic ejection murmur heard best in the second intercostal space along 
the left sternal border 

Interventricular Septum 

The interventricular septum consists ot two parts: line muscular portion and 
the membranous portion. 



CHAPTER 1 


FIGURE 1 - 2. Various forms of atrial septal defects viewed through the lateral waif of 
the right atrium. 








The muscular interventricular septum forms as an upward expansion o{ 
the base of the primitive ventricle. It extends toward the AV septum but 
does not reach it; the resulting gap is the interventricular foramen. 

The membranous interventricular septum grows downward from the AV 
cushions and fuses with I he muscular interventricular septum, obi item hug 
the interventricular foramen. 


A 


KEY FACT 


Neural crest cells are also important 
in craniofacial development. 
Therefore, many newborns with 
abnormal migration of neural crest 
cells will have concurrent facial and 
cardiac defects. 


Variations of abnormal migration of 
neural crest cells lead to righRO-left 
shunts and early cyanosis. 


Ventricular septal defect (VSD), an abnormal opening in the interventricu¬ 
lar septum, is the most common congenital heart malformation (see Figure 
1-3). The must common location is in the membranous interventricular sep¬ 
tum, resulting from incomplete fusion of the AV cushions in the conotruncal 
region. Clinical manifestations of VSD are variable depending on Ihe size of 
the defect. Most arc small and resolve spontaneously. Larger VSDs result in 
left-to-right shunting of blood, 

A classic symptom is easy fatigability. 

Cardiac auscultation reveals a harsh holosystolic murmur heard best at 
the left lower sternal border. 

Aortopulmonary Septum (AP) 

Hie aorticopulmonary (AP) sept uni is derived from neural crest cells that 
migrate into ilie couotruncal ridges. It is responsible for separating the trun- 
cus arteriosus into the aorta and pulmonary trunk. As the septum descends, it 
spirals so that Ihe aorta becomes the left ventricular outflow tract and the pul¬ 
monary trunk becomes the right ventricular outflow tract. Failure of spiraling 
leads to congenital malformations. 

Persistent trimcus arteriosus results from abnormal migration of neural 
crest cells and subsequent failure of formation of the AP septum. There¬ 
fore, separation of the left ventricular and rigid ventricular outflow tracts 
never occurs. The aorta and pulmonary trunk form a common tract leav¬ 
ing tire ventricles, which allows mixing of oxygenated and denxygenated 
blood, fl’his congenital malformation leads to right-to-lcft shunting of 
blood and early cyanosis in the new born period. 

Transposition of the great vessels occurs with failure of spiral develop¬ 
ment of the AP septum. The left ventricle (LV) is connected to the pub 



Tricuspid valve 
Septal leaflet defect 


Crista supraventricularis 


Muscular defect 


Pulmonary valve 


Supracrislal defect 


figure i - 3. Ventricular septal defects. Nolice the inferior!) located muscular defect 
and the more superior membranous defect. 
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FIGURE 1 - 4. Transposition of the great vessels. 


manary trunk, and the right ventricle (RV) is connected in the aorta (see 
Figure 1-4). This condition results in a complete right-to-Icft shunt and 
early cyanosis. 

Tetralogy of Fallot is caused by anterior displacement of the AP septum. 
The four abnormalities arc overriding aorta, pulmonic stenosis, RV 
hypertrophy, and VSD (see Figure 1-5). 

The primary defect is termed an “overriding aorta/ 1 because the mis¬ 
placed aorta partially obstructs the right ventricular outflow tract, lead¬ 
ing to right ventricular outflow obstruction (pulmonic stenosis). Pub 



FIGURE 1*5. Tetralogy of Fallot viewed through the RV. 







MNEMONIC 


Tetralogy of Fallot: PROVe 

■ Pulmonic stenosis 

• RV hypertrophy 
m Overriding aorta 

* VSD 


manic stenosis leads to increased pressures in the RV and subsequent 
right ventricular hypertrophy. The membranous VSD results from 
a failure of fusion between the AP septum and the muscular portion 
of the intraventricular septum (IVS). Right-to-left shunting results in 
early cyanosis. 


FETAL ERYTHROPOIESIS 


MNEMONIC 


r*i 

Young Liver Synthesizes Blood 


Organ Involvement 

Fetal erythrocytes are produced in different locations throughout I he l ife of 
the fetus. 

Volk sac (3-8 weeks) during organogenesis 
Liver (6-30 weeks) 

Spleen (9-28 weeks) 

Bone marrow (28 weeks-adult) 


Hemoglobin 

Fetal hemoglobin consists of two alpha subunits and two gamma subunits (ou 
and y z ). 


FETAL CIRCULATION 



indomethaan, a nonsteroidal anti¬ 
inflammatory drug (NSAID), is used 
to dose a patent ductus arteriosus 
(PDA). Exogenous administration 
of prostaglandins is used to keep a 
PDA open. 


Deoxygenated blood leaves the fetus via the umbilical arteries. The umbili¬ 
cal arteries travel through the umbilical cord toward the placenta. Oxygen¬ 
ated blood (approximately 80% saturated with O z ) returns from the pla¬ 
centa toward the fetus via the umbilical vein (see Figure 1*6). Blood from 
the umbilical vein bypasses the liver by flowing through Ihe ductus venoxus 
and empties inlo the inferior vena cava (I VC). The I VC brings blood into 
the right atrium. Since this blood is already oxygenated, the pulmonary cir¬ 
culation is unnecessary and can be bypassed. Pressures in the right heart are 
greater than pressures in the left heart in the fetus due to high resistance in 
the pulmonary circulation. The pressure gradient drives right-to-left shunts, 
allowing the bvpass of the pulmonary circulation. Blood in the RA has two 
methods of bypassing the pulmonary circulation: 

Flowing through the foramen ovale to the IA continuing to the IV, 
aorta, and eventually supplying the head 

Continuing into the RV, out the pulmonary' trunk, and then through the 
ductus arteriosus to the aorta, primarily supplying the trunk and lower 
extremities 

The aorta sends blood to fetal tissues. Deoxygenated blood leaves the iliac 
arteries via the umbilical arteries to return to the placenta. 

After birth, as the neonate begins to breathe, the pulmonary arterial resistance 
decreases. For the first time, pressures in the left heart exceed pressures in 
the right heart. The increase in left atrial pressure forces the septum primum 
against the septum secundum, closing the foramen ovale. Closure of the duc¬ 
tus arteriosus is mediated bv falling levels of prostaglandins subsequent to 
increased O-, content in the circulation. 
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Right atrium 
Right ventricle 
Ductus vanosus 


Left atrium 


Ductus 

arteriosus 


Pulmonary 

artery 

Left 

ventricle 


Aorta 


Portal 

vein 


Umbilical ■ 
vein 


From 
placenta 


Superior vena 
cava 


Foramen 

ovale 


FIGURE 1 - 6 . Feta I circulation, (Modi fled, wi 11 1 \ jc mi i ss ion, fr< u t * C, a r u n ig W V t Revk \r of 

Medical Physialog)', 22nd ed. New York: McGraw-Hill, 2005: 628.) 


FETAL-POSTNATAL DERIVATIVES 


Some important fetal structures and their postnatal counterparts are high- 
lighted below: 

Umbilical vein —> ligaincntuiu teres Irepatis 
Umbilical arteries —> medial umbilical ligaments 
Ductus venosus —» ligamenlum venosum 
Ductus arteriosus —> ligamentum arteriosus 





















TABLE 1*2. 

Aortic Arches and Adult Derivatives 

Aohtfc Arch 

Adult Structure 

First 

Part of maxillary artery 

Second 

Stapedial artery 

Third 

Common carotid and proximal internal carotid artery 

Fourth 

Aortic arch and proximal part of the right subclavian artery 

Fifth 

Regresses in humans 

Sixth 

tiu iimrmrmmrajmmi 

Proximal pulmonary arteries and ductus arteriosus 


AORTIC ARCH DERIVATIVES 


r l able 1-2 shows the adult structures arising from each of Hie aortic arches. 


DEFECTS IN THE ARTERIAL SYSTEM 


Coarctation of the Aorta 

This is an abnormal narrowing of the aorta in the area surrounding the ductus 
arteriosus. There are two types: Preductal and postcluctah 

Preduetal coarctation is constriction of the aorta proximal to the duc¬ 
tus arteriosus. In this type, the ductus arteriosus typically remains patent, 
resulting in a rlght-todeft shunt with sufficient blood supply to the lower 
extremities. 

Postductal coarctation is constriction of the aorta distal to the ductus 
arteriosus (see Figure I*7). It is characterized by elevated BP in the anus, 
decreased BP in the legs, and weak or absent femoral pulses. Collateral cir¬ 
culation develops to route blood lo the lower extremities. Biota! flows from 
the proximal aorta to the legs via the subclavian artery to the internal tho¬ 
racic artery, then the intercostal artery, the superior epigastric artery, the 
inferior epigastric artery, and the external iliac artery. The increased blood 
flow to the intercostal arteries causes them to dilate and eventually erode 
into the ribs. This process results in the characteristic ‘Tib notching” asso¬ 
ciated with coarctation of the aorta. 

Patent Ductus Arteriosus 

Patent ductus arteriosus (PDA) is the failure of the ductus arteriosus to close. 
A connection persists between the left pulmonary arter\ and the aortic arch. 
Since the left heart lias higher pressures than the right heart, a lcft-to-right 
shunt develops, with blood flowing from the aorta into the pulmonary artery. 
If is most common in premature infants and does not result in earlv cyano¬ 
sis. Administration of prostaglandin inhibitors ie,g., indomethacin. NSAIDs 
enhances closure of the PDA. 
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FIGURE 1-7, Postductal coarctation of the aorta. Notice Llie narrowing of the aorta and 
the dilated, lor Ions internal thoracic and intercostal arteries. AoV - aortic valve; Arch - aortic 
arch; Desc = descending aoila, (Reproduced, with permission, from Fnsler V, el al, i/ur.Tv the 
Heart, I llli ed, New York: McCraw-1 lill, 2006: Sd.) 


RIGHT-TO-LEFT SHUNTS: EARLY CYANOSIS 


The 5 T$: 

L Truncus arteriosus 
2. Transposition of the great vessels 
T Jetndogy of Fallot 

4. Total anomalous pulmonary venous return 

5. Tricuspid atresia 

These cardiac malformations each results in shunting of deoxygenated blood 
from the pulmonary circulation (or right heart) into oxygenated blood in the 
systemic circulation (or Icfl heart). The addition of deoxygeuated blood to oxy¬ 
genated blood decreases the partial pressure of CK in the systemic circulation 
and causes early cyanosis. 


LEFT-TO-RICHT SHUNTS: LATE CYANOSIS 


» VSD 
■ ASD 
» PDA 

If these defects do not close and high flow continues through the pulmonary 
circulation, the pulmonary arterial system becomes hypertrophic and even 
fibrotic. Pulmonary hypertension and subsequent riglit ventricular hypertro- 
phy result. When the right heart pressures become higher than the left I <earl 







TA B l E T - 3. Disorders and Associated Cardiac Defects 


Disorder 


Cardiac Defect 

22qtt Deletions 


Truncus arteriosus, tetralogy of Fallot 

Down's syndrome 


VSD, ASD 

Turner's syndrome 


Coarctation of the aorta 

Offspring of a diabetic mother 

Transposition of the great vessels 


1 KEY FACT 


Right-to-left shunts cause early 
cyanosis, 

Left-to-right shunts cause late 
cyanosis, 


pressures, tlic shunt reverses and becomes rigilf lo left. This shunt reversal 
is termed Eisenmcngcr’s syndrome and causes late cyanosis. Right-to-left 
shunts cause cyanosis because deoxygenated blood mixes with oxygenated 
blood. 


CONGENITAL CARDIAC DEFECT ASSOCIATIONS 



KEY FACT 


Enlargement of the LA, a 
characteristic finding in mitral valve 
(MV) insufficiency, may cause 
dysphagia* 


I 


KEY FACT 


In oardiomegafy the apex is shifted 
laterally therefore the point of 
maximal impulse (PMf) will be 
palpated more lateral than the 
midclavicular line. 




CLINICAL 

CONFUTATION 


Q: An 18-year-old male is stabbed 
with a knife just to the right of the 
sternum between the fourth and 
fifth ribs. Which cardiac structure is 
penetrated by the knife? 

A: The right atrium. 


Certain disorders are associated with particular congenital cardiac malforiua 
lions (see "fable 1-3). 



The anterior (sternal) surface is formed by the KV (see f igure 1-8). 

The posterior surface is formed by the IA and is in close proximity lo the 
esophagus. 

The right border is formed by the right atrium. 

The left border is formed by the LA and LV. 

The apex is formed by the LY* 


RELATIONSHIPS OF THE HEART AND GREAT VESSELS 


The right border is located between the third and sixth ribs along the right 
sternal border. 

The left border is located between the third and sixth ribs between the 
midelavicular line and left sternal border. 

The apex is located at the fifth intercostal space, midclnvicuhir line. The 
point of maximal impulse (PM!) is normally palpated here. 

T he aortic arch is located at I he level of the sterna! notch* corresponding 
to vertebral level T2. 

The superior vena cava (SVC) enters the RA at the level n i the third rib. 


LAYERS OF THE HEART 


Hie heart is composed of three layers: endocardium, myocardium, and 
pericardium. 
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FIGURE l - fl * Anatomic relationships of the heart. Jl\ right alrimn; L\ = left atrium; 
IIV = right ventricle. 


Endocardium 

The entloenrcltum is the innermost layer and contacts the blood in the heart 
chambers, ll is composed of simple squamous epithelium (endothelium) and 
underlying connective lissue. 

Myocardium 

The myocardium is the middle layer composed of myocytes, the contractile 
cells responsible for pumping blood through the heart. 

Pericardium 

The pericardium is composed of two layers, the miter fibrous pericardium 
and the inner serous pericardium. It covers the heart and proximal portion of 
the great vessels. 

Fibrous pericardium is the tough connective tissue that tethers the heart 
in place via its connections to lire sternum anteriorly and the central ten¬ 
don of the diaphragm inferior!); 

Serous pericardium comprises two layers, the parietal layer and the vis¬ 
ceral layer. 

The parietal layer is continuous with the internal aspect of the fibrous 
pericardium. 

The visceral layer, also known as the epicardium, is the thin outermost 
layer of the heart. This layer contains the major branches of the coro- 
narv arteries. 


CORONARY ARTERY ANATOMY 


Major Branches 

The coronary arteries arise from the proximal portion of the aorta (the aortas 
first branches) as the right coronary artery (RCA) and the left coronary artery 


CLINIC All I 
CORRELATION 


Cardiac tamponade is the 
compression of the heart by fluid 
(Le., blood) in the pericardial 
sac, leading to decreased cardiac 
output (CO). Classic signs include 
decreased mean arterial pressure 
(MAP), distended neck veins due to 
inability of the SVC to drain, pulsus 
paradoxus, and an ECO showing 
electrical altemans. Treatment is 
pericardiocentesis. 


CLINICAL 

CORRELATION 


Pericarditis is inflammation of 
the pericardium with various 
etiologies such as systemic lupus 
erythematosus (SLE), rheumatoid 
arthritis, myocardial infarction 
(Ml), TB r and malignancy. Findings 
include chest pain and friction mb 
on auscultation, and the ECO shows 
diffuse ST elevations in all leads. 












Right coronary 
artery 


Left coronary 
artery 



Marginal 

branch 


Circumflex branch 


Anterior 

descending 

branch 

Septaf 

branches 

Marginal 

branch 


Posterior descending branch 


figure I - 9, Coronary artery circulation. 



M CLINICAL 
CORRELATION 


(LCA) (see Figure 1-9). These vessels lie just deep to lhe epicardium on the 
surface of the heart. 


Subendocardial infarctions result 
from repeated episodes of 
temporary occlusion of a coronary 
artery (e,g N unstable angina) or 
from severe anemia or hypotension. 
ECC findings show ST-segment 
depression. Histologic findings 
include fibrosis and vacuolization of 
the subendocardial area. 



KEY FACT 


The heart receives a dual blood supply: The epicardium and myocardium 
arc supplied by the coronary arteries and their branches, while the endo¬ 
cardium receives 0 2 and nutrients from direct contact with blood inside the 
heart chambers. 

When Row through a coronary artery is compromised, the subendocardial tis¬ 
sue is most vulnerable to ischemic injury- because it lies in the zone farthest 
from either blood supply. 

Flow through the coronary arteries occurs mainly during diastole. The con¬ 
traction of the myocardium during systole increases external pressure on the 
vessels and inhibits blood flow through them. 


Tachycardia shortens diastole so the Major branches of the LCA are the left anterior descending artery (LAD) and 
heart receives less blood supply. left circumflex artery'. 


table i - 4. Arterial Supply of the Heart in Right-Dominant Coronary Circulation 


ItruiUiiiifliUllilliitfiUiiitMittimtiMMtiiiai 

LAO 

riiraiMwiiiJtiiii if Itu t ii j h i ml Hi* liimnrrrmfnff rvruiiHi 

Left Circumflex 

ns .. 

RCA 

Apex 

Lateral wall of LV 

Lateral wail of RV 

Anterior wail of LV 

Posterior wait of LV (20%) 

Posterior wall of LV (80%) 

Anterior two-thirds of IV 

septum 

uuttutf ttfriimuutti u ituitui i rittmuttuAdi 

Posterior one-third of IV septum 
(20%) 

Posterior one-third of IV 

septum (80%) 

SA node 

AV node 
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V- 1 —“t—J rr— 



aVL 


TL- 

HI aVF 



figure 1-10. ECG findings in AMI of the RV„ ( Modified, with permission, from Foster V. cl aL Harsf's the Heart , 11 th cd. New 
York: McC raw -HiIt, 2006: 300.) 


Major branches of I he RCA arc l lie marginal artery and Site posterior 
descending artery. 


Dominant Circulation 

Table 1-4 summarizes the arterial supply of the heart. This right dominant 
coronary circulation occurs in 80% of the population. 

Myocardial Infarctions 

The coronary artery most commonly occluded (40%-S0%) is the LAD, 
resulting in infarction of the anterior portion of the ventricles, the cardiac 
apex, and/or the IVS. The RCA is the second most commonly occluded, fol¬ 
lowed by the left circumflex. 


CLINICAL 
COH RELATION 


Acute Ml of flie inferior portion of 
the heart (RV) is associated with 
characteristic ECC findings of ST 
segment elevation in leads ll r l!l r and 
aVF (see Figure MO and Table T5), 


CONDUCTION SYSTEM 


The cardiac conduction system is responsible for distributing electrical 
impulses throughout the heart so that the atria and ventricles function in con¬ 
cert as an effective pump (see Figure 1-1 I). 

Sinoatrial Node 

'Hie sinoatrial (SA) node is the cardiac pacemaker, setting I lie rate at 
approximately 70 bpm. 

The SA node contains specialized myocytes that depolarize rhythmi¬ 
cally and sene to initiate the spread of electrical impulses throughout 
the heart. 

it is located at the junction of the RA and SVC just beneath the peri¬ 
cardium and is supplied b\ the SA nodal artery, typically a branch of 
the RCA 


TABLE 1-5- ECG Findings With Ml 

Area of Infarct 

Coronary Artery Involved 

MM M MI«M M«f* PSM Hililll IN 

Leads with ST Elevation 

Inferior wall (RV) 

RCA 

11, Ilf, aVF 

Septum 

LAD 


Lateral wall (IV) 

■rrttaciMiftii iiruiii i Pimnmrnmimm titnt 

Left circumflex 

1, aVL, V 5J v 6 

imrmHIWWMiUMIlWllfMimitlUHHMIllllMBHKW 
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AV junction 
AV node 
His bundle 



Ventricular 

myocardium 


Purkinje 

fibers 


LBB 


Ventricular septum 



KEY FACT 


The SA node receives input 
from both the sympathetic 
nervous system (accelerating its 
rate of depolarization) and the 
parasympathetic nervous system via 
the vagus nerve (slowing its rate). 



CLINICAL 

CORRELATION 


Damage to the AV node (most often 
caused by ischemia) may result in 
complete heart block. Impulses are 
unable to get from the RA to the RV; 
thus, ventricular rate is slowed and 
cardiac output is low. Treatment is 
usually a permanent pacemaker. 


FIGURE 1 - 11 . Anatomy of the conduction system in the heart. To initiate a contrac¬ 
tion, the SA node Fires at an intrinsic rate of 100-120 bpm. The impulse travels through the 
atrial myocardium and arrives ;il lire AV node. located ill tile base of the l ight atrium. The 
impulse stalls at the AV node, The slowed conduction through the AV node allows time for 
the atria to depolarise fully and completely empty their contents into the ventricles, before 
I he ventricles themselves are driven to eontrael. The AV nodal delay is key for efficient systolic 
pumping. If the SA node is diseased or fails to fire, the AV node initiates the heart contractions 
al rate of 40-60 bpm. From the AV node, the impulse propagates through the lib bundle along 
ihe interveutricular septum, into bifurcating paths called the right bundle branch (RBB) and 
left bundle branch (LBB). These bundles subdivide into Purkinje fibers that relay the impulse 
to the ventricular myocardium. The Purkinje fibers conduct ihc most quickly, to enable a 
rapid and synchronized ventricular contraction. (Modified, with permission, from Kasper PL, 
Braimwald 1C, Fauci AS, d ul. /k/rmoris Principles cf Internal Medicine , 16th ed, New York: 


McCrawdlill, 2005: Bll.) 


From the SA node, I lie impulses disperse across the atrial septum to the 
LA and toward the AV septum of the right heart. The impulse eventu¬ 
ally reaches the AV node. 


AV Node 

T he AV node is located in the subendocardial connective tissue in the 
interatrial septum near ihc ostium of the coronary sinus. 

It receives blood supply from the AV nodal artery, also a branch of the 
RCA. 

The AV node is responsible for dispersing the electrical signal to both 
ventricles, which it accomplishes via the AV bundles {bundles of His), 

Bundles of His 

The bundles of 11 is travel parallel to the IVS deep to the endocardium, 
eventually terminating as the Purkinje fibers in 1 he walls of both ventri¬ 
cles. 


mml 
















TABLE 1*6. Characteristics of Heart Valves 





VULLTmUlfH ■ ilil 1 HrmtHiJlllIHlIltl ml] mu ulimiif.w hihihiwt. 

Phase When 

Valve 

Location 

Structure 

Site of Auscultation 

Valve Is Open 

Aortic 

Between LV and aorta 

Semilunar (3 cusps) 

Left second intercostal space (IS) at the 
sternal border (SB) 

Systole 

Pulmonic 

Between RV and pulmonary 

trunk 

Semilunar (3 cusps) 

Right second IS at the SB 

Systole 

Mitral 

Between LA and IV 

Bicuspid 

Left fifth IS at the midclavlcular line 

Diastole 

Tricuspid 

Between RA and RV 

Tricuspid 

Left fifth IS at the SB 

Diastole 

rtlin 1 mifriUtthnmtunlifiRnaRiiiMta 


HEART VALVES AND SITES OF AUSCULTATION 


The four haul valves tire the aortic, pulmonic, mitral, and tricuspid valves 
(see Table 1-6). It is important to understand how valve movement relates to 
the cardiac cycle. 

Many cardiac diseases and valvular lesions result in abnormal heart sounds 
(see Figure 1-12). Heart sounds arc due to blood flow; therefore, the site of 
auscultation of a particular valve is downstream to the direction of flow 
through that valve. 




MNEMONIC 


All-Aortic 
Patients-Pul monk 
Take-Tncuspid 
Meds-Mitral 
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CLINICAL 

CORRFlATiON 



FIGURE 1-12, Sites of cardiac auscultation. A = aortic valve: P - pulmonic valve; T = 
hriscupitl valve; M - mitral valve. 


Aortic stenosis (AS) causes a 
crescendo-decrescendo systolic 
ejection murmur. The murmur 
is best heard at the left second 
intercostal space and typically 
radiates toward the carotid arteries 
and/or the cardiac apex. 


t 1 

Mitral regurgitation (MR) causes 
a holosystolic blowing murmur 
heard best at the cardiac apex. It 
can sometimes be confused with 
tricuspid regurgitation; however, the 
murmur of tricuspid regurgitation 
becomes louder with inspiration. 





























table 1-7. Location and Anatomic Relationships of Major Branches of the Aorta 


11111 ncitmiiirnuti urn 

Vertebral 

Level 

Artery 

i tu iJTrmrtriiiiiitmtttuif itnm ifeHfini iiiini 

Nearby Structures 

ilHlitTfiiuiTlianiiivmnmiiilmiiiiiMrim^.nrni'irnitt 

Arterial Branches 

Major Structures Supplied 

T12 

Celiac trunk 

Posterior to the 

gastrohepatic ligament; 
superior to curvature of 
stomach 

Common hepatic, splenic, left 
gastric artery 

Foregut structures (liver, gallbladder, 
stomach, spleen, beginning of 
duodenum) 

Lt 

Superior 

mesenteric 

Posterior to neck of 

pancreas and stomach 

antrum 

Middle colic, fight colic, 
ileocolic artery 

Midgut structures (lower duodenum 
to splenic flexure of colon, including 
appendix) 

L2 

Renat 

Posterior to renaf veins 

Segmental artery (gives rise to 
interlobar, arcuate, interlobular 
arteries), inferior suprarenal 
artery 

Kidneys, part of suprarenal glands 

13 

Inferior mesenteric 

Posterior to third part of 

duodenum 

Left colic, sigmoid, superior 
rectal artery 

Hind gut structures (splenic flexure of 
colon to proximal rectum) 

L4 

Common tltacs 
(aortic bifurcation) 

Anterior to formation 

of IVC 

Exte r n a t/i nterna 1 i tie c a rtery Pelvis, lowe r extre mit i es 


MAJOR BRANCHES OF THE AORTA 


Table 1-7 shows the location of major branches of the aorta, their nearby 
structures, ami the structures that they supply. 


Ill 


Physiology 


[UUiiiunim 



The cardiovascular (CV) system, which can be modeled as a pump (heart) 
and a set of tubes (blood vessels), distributes CT, nutrients, and other sub¬ 
stances to the tissues while removing metabolic by-products from the tissues. 


CARDIAC ELECTRORHVSJOLOGY 


Cardiac nodal cells and myocytes are excitable cells that generate character¬ 
istic action potentials. Nodal cells share similar qualities with excitable cells 
such as neurons in that both rely on cationic N;T inflow to reach the thresh¬ 
old membrane potential to fire action potentials. However, a key difference 
is that nodal action potentials are triggered automatically bv spontaneous 
depolarization. 

Myocytes resemble the skeletal myocyte in that both rely on C;r + inflow for 
contraction, but kev differences include the action potential's shape (plateau 
in atrial and ventricular myocytes due In inward Ca- T current) and electrical 
coupling via gap junctions. 




















Resting Membrane Potential 

The membrane potential (V ) in all cells is determined by: 

Relative permeability of certain ions {e.g., K + , Na + * C;r 4 ) determines 
which ion's equilibrium potential predominates! The membrane potential 
at any point in the action potential is determined by the relative contri¬ 
bution of different ion conductances* The predominant ion conductance 
pushes the membrane potential toward that ions equilihrium/Nernst 
potential. For example* at rest, the myocyte is more permeable to K + , and 
thus the membrane potential is closer to the Nernst potential of K 4 than to 
that of Na + . 

Relative intracellular and extracellular concentrations of these ions. 

The resting membrane potential is determined primarily by the potassium 
(k 1 ) conductance, [jV] illklltc | Ulbr ([«' }■) and [K h ] CK ^ cel . lulor ([K + ]. c ). Since 
|K‘ 1 j » [K 1 1 K 4 diffuses out of the cell and down its concentration gradi¬ 
ent, causing the V Jn to become more negative (losing positive charge to the 
outside). At a certain membrane potential, the net force driving potassium 
ions down its electrochemical gradient equals the net concentration gradi¬ 
ent driving ions across the membrane. This potential at which there is no 
net movement of ions across the membrane is the equilibrium (or Nernst) 
potential and can be calculated: 


V m = 61.51qg 


^[K + p 


i K+ y, j 


mV 


In contrast, since Nei 4 concentration is higher in the cxlraccllular space, Na + 
lends to enter the cell and make the membrane potential more positive* The 
Na + -K + -ATFtee pump maintains the ionic gradient across the cell membrane 
by pumping 3 Na + out for every 2 K* pumped in. This sets up an Na + gradi¬ 
ent such that [Na + ] e is greater than [Na + ]- (see Figure I-IT). 

Cardiac Action Potentials 

Hie heart has two populations of excitable cells: one produces a fast response 
action potential and one produces a slow response action potential (see Fig¬ 
ure 1-14). bast-response action potentials occur in the atrial and ventricular 
myocytes and Purkiiije fibers, whereas slow response action potentials occur 
in the SA and AV nodes. These action potentials differ in their shape and con¬ 
duction velocity (see Tables 1-8 and 1-9). 

Slow Response Action Potential: SA Node 

Intrinsic pacemaker of the heart with the highest intrinsic rate of firing, deter¬ 
mined by the slope of phase 4 depolarization. In contrast* the AV node and 
1 lis-Fmkmje systems arc latent pacemakers: they take over as pacemaker cells 



KEY FACT 

i__ _ 


Remember that [K + ] s » [K + ] e and 
[Na^ » [Na + ]. (i = intracellular 
fluid, e = extracellular fluid). 



KEY FACT 


Inward current -» positive charge 
(e.g., K + P Na + ) enters ceil —> 
depolarizes V m {makes less 
negative). 

Outward current —> positive 
charge leaves cell —> 
hyperpoladzes V m {makes more 
negative). 


1 


KEY FACT 


The most important difference 
between fast- and slow-response 
cardiac action potentials is the 
ion responsible for the phase 0 
upstroke: 

Fast response action potential = 
fast inward Na + current* 

Stow response action potential = 
stow inward Ca 2+ current. 



The four classes of antiarrhythmic 
drugs target specific channels/ 
receptors: 

Class I: Na + channel blockers 
Class II: JFBlockers 
Class III: K + channel blockers 
Class IV: Ca 2 f channel blockers 



FIGURE t -1 j. Relative intracellular and extracellular concentrations of Caty Na + , 
and K + . 
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figure t - 1 4 . Fast response (A) and sfow response (8) cardiac action potentials. (Modified* with iwmiktimi. how Gaiiom ;\\ l ftowu- 
o/ Mctliad VhvMolu^v, 22ml utl. Ww York: \lcGrmv4li1L 2005.) 
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KEY FACT 


Overdrive suppression: Because 
the SA node fires the fastest, at a 
rate of 100-120/min, it by default 
sets the heart rate (HR) unless 
dfseased (Le., RCA infarct). In that 
situation, the AV node fires at 40- 
60/min, and the Purkinje system 
comes in last at 30-40/min. 


if tlie SA node is suppressed. The primary; secondary, and tertiary pacemaker 
cells are related to llieir rates of phase 4 depolarization: SAnode > AY node > 
His-Purkinje. 

Conduction Velocity 

Depends on the size of the inward current during the action potential 
upstroke (he.* phase 0); a larger inward current corresponds to a faster con¬ 
duction velocity. It is fastest in the Purkinje system and slowest in AV node, 
A slower conduction velocity in the AV node means that the excitation of the 
ventricles is delayed. The AV nodal delay enables the atria to empty fully into 
the ventricles prior to depolarization of the v entricles, such that there is more 
time for ventricular filling and greater cardiac output in a given beat 


TABLE l - 8 * Comparison of Slow and Fast AP 



rjiitiimn i imri f mtrimi mu rt» ■ i ——■■■■■■ 

Slow Pacemaker AP 

Fast AP 

Length of AP 

150 ms (SA, atria), 250-300 
ms (AV, ventricular) 

100 ms 

Tissues involved 

SAand AV nodes 

Atria, ventricles, Purkinje fibers 

Phases 

0 C Ca3+ 

0. Increased G Ka+ 


»' w 

t. Decreased G Na+ 


IV J f 

II. Increased 0^+ 

III. Increased l K+ , decreased 



*Ca2+ 

Targeting antiarrhythmits 

Class 11 |tblockers (phase IV), 

Class la, lb, Jc (phase 0), class 


class IV Ca channel blockers 

111 (phase III) 


(phase 0) 









































table \-9. Phases of Fast- Versus Slow-Respcmse APs 



Fast-Response (Ventricular) AP 

Slow-Response (Pacemaker) AP 

Upstroke: Phase 0 

Atrial and ventricular myocytes, Rurkinje 
fibers. Due to rapid inward Na + current 
through voltage-gated Na* channels 

SA, AV nodes 

Due to slow inward Ca 2+ current through voltage - 
gated Ca 2+ channels; lack fast voltage-gated Na + 
channels, which results in a slow conduction 
velocity 

Initial re polarization: Phase 1 

Inactivation of voltage-gated Na + 
channels; voltage-gated K + channels 
begin to open. 

Not present 

Plateau: Phase II 

Ca 2+ influx through voltage-gated Ca a * 
channels balances K + efflux; Ca 2 * influx 
also triggers release of intracellular 

Ca 2+ from sarcoplasmic reticulum and 
myocyte contraction 

Not present 

Repolarization: Phase 111 

Massive K* efflux due to opening of 
voltage-gated slow K 4- channels and 
closure of voltage-gated Ca 24 channels 

Increased K + conductance causes K + efflux 

Phase W 

Resting potential; high K + permeability 
through K + channels 

Slow diastolic depolarization; membrane potential 
spontaneously depolarizes as Na + conductance 
increases; accounts for automaticity of SA and 

AV nodes; the slope of phase IV in the SA node 
determines heart rate 

Conduction velocity 

0.3-3.0 m/s 

0.01-0.10 m/s 


Refractory Period 

The period of the action potential in which cardiac cells cannot be excited; it 
can he defined in three ways (see Figure 14 5). 

Absolute: Begins at phase 0 and ends after phase 2 (plateau); reflects time 
in which no action potential can be generated, regardless of the amount of 
inward current delivered 

Effective: Period in which n conducted action potential cannot be gener¬ 
ated: slightly longer than the absolute refractory period 
Relative; Period in which an action potential can he generated with a 
larger-lhan-usual amount of inward current 
























figure 1-15. Absolute (ARP), effective (ERP), and relative (RRP) refractory periods in 
the ventricle. I lie rclruclovy period sets the rate of firing, aiul consequently, the lie:irl rale. 
Linger rcfmeUm periods lead lo slower heart rates. (Modified, with permission, from Ganpng 
WF, fteviVir uj Medical I'hvsmlogv, 22nd ed. New York: McCruwd lilt. 2(11)5: SO,) 


CARDIAC MU5CLE AND CONTRACTION 


When I he cardiac action potential reaches the axon terminal, depolarization 
of the terminal opens voltage-gated Ca 2 "^ channels causing ncurofninsmitlcr 
(acetylcholine |ACh]) vesicle fusion and exocytosis, ACh binds to flic post- 
synaptic receptor, causing depolarization of the poslsynaplie muscle cell. 
Through the process ol Cxci I at iosveon traction coupling, the depolarization 
event triggers the release of intracellular Ca 2+ from the sarcoplasmic rcticu- 
luni (SR). Increased intracellular CiT + hinds troponin C and changes the 
conformation of the myosm-actin complex, ultimately leading to contraction. 

Excitation-Contraction Coupling 

Coupling depends on several structures in the myocardial cell thal coordinate 
ihe contract ion response to the cardiac action potential* 

Sarcomere. Contractile unit of myocardial cell that runs from Z line lo A 
line (see Figure 1-16), Composed of thick filaments (myosin) and thin fila¬ 
ments l act in, troponin, tropomyosin). 

T tubules. Parts of the cell membrane that in vagi nate at the Z lines. They 
carry action potentials into the cell interior. 

Sarcoplasmic reticulum. Intracellular site of storage and release of Cii“\ 
which is used in excitation-contraction coupling. 

Intercalated disks. Located at the ends of cells. Mediate adhesion between 
cells. 

Gap junctions. Occur at the intercalated disks. Provide a path of low resis¬ 
tance tor action potentials to rapidly spread between cells. 

Myocardial Contraction and Relaxation 

These features allow the cardiac myocyte to translate the electrical signal 
(action potential) into a physical response (contraction) through the following 
steps; Extracellular Ca 2 ~ enters myocardial cell —* Car* induces intracellular 
Ca“* release —> myocardial contraction, and finalh myocardial relaxation. 
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u 
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FIGURE t -1 6. Schematic of cardiac myocyte. 


Influx of extracellular C;r 4 into myocardial cells. Action potential 
spreads from cell membrane info the T tubules. During the plateau (phase 
2) of the action potential, extracellular Ca 2+ enters the cell through volt¬ 
age-gated Gr + (L-type Gr 4 } channels* 

Ca 2+ -induced Gr 4 release. The influx of extracellular Gr 4 is not suf¬ 
ficient to induce muscle contraction. To solve this problem, extracellular 
Ca 2+ binds to Gr 4 release channels (ryanodine receptors) on the SR, 
stimulating more Gr 4 release from the SR. Amount of Gr^ released from 
the SR depends on: 

Size of inward current during plateau of the action potential 
■» Amount of Ca- stored in SR 

Myocardial contraction* Gr + release from the SR increases intracellular 
[Qr + ]. Gr 4 binds lo troponin C* which causes a conformational change 
and moves tropomyosin out of the myosin-binding groove on the aetin fil¬ 
ament, Myosin binds the newly exposed aetin. The hound myosin head 
undergoes a change in shape that moves the thin filament (power stroke) 
and shortens the sarcomere* Contraction results in HIZ shrinkage —aka I I, 
1, and Z band contraction (see Figure 1-17). 

Myocardial relaxation. Occurs when Ca** 4 is pumped hack into the SR 
via Ca 2+ -ATPase. I bis reduces intracellular |Gr + ] and removes Gr + 
from troponin. 



KEY FACT 


The contractility (inotropy) that can 
be generated by cardiac muscle is 
related to intracellular [Ca 24 ]. 



KEY FACT 

1 _ 


During contraction, the H, I, and Z 
bands shorten. Only the A band 
stays constant throughout the cycle. 





































figure 1-17* Skeletal muscle contraction. The process in myocytes is very similar. 


Cardiac and skeletal muscles differ physiologically. In contrast to skeletal 
muscle: 

Cardiac muscle action potential has a plateau, due to Car 4 influx* 

Cardiac nodal cells spontaneously depolarize, resulting in automatieity. 
Cardiac myocytes are electrically coupled to each other by gap junctions. 
Cardiac muscle cells have more mitochondria. 

Cardiac muscle increases contractile force through changes in fiber con¬ 
tractility (compared with increasing the number of skeletal muscle fibers 
activated). 

Thus, cardiac muscle contraction requires a series of coordinated steps. When 
the action potential opens voltage-gated Ca* + channels, this increases intra¬ 
cellular |Ca~ + 1 and triggers Ca 2+ -indiieed Ca 2+ release from the SR* Ca- + binds 
troponin C,.allows myosin-actin binding, and permits myocardial contraction, 

Contractility 

Contractility is the amount of force cardiac muscle can generate at a given 
muscle length, and is related to intracellular [Ca 2+ ], ll can be estimated by 
ejection fraction (ER normal = 55%)* It increases with increased HR. sympa¬ 
thetic stimulation, and cardiac glycosides. 

EF - stroke volume <n „ rma ] = 53%) 
end-diastolic volume 

Contractility and, by proxy, stroke volume (SV) arc increased with: 

Increased HR. As HR increases, Ca 2+ clearance is less efficient during 
relaxation after contraction, and intracellular Ca- + builds up. 

Sympathetic stimulation. Stimulation leads to increased C'ir^ influx and 
also increases the activity of the SR Ca~ + -ATPase. 

Cardiac glycosides (digoxin). 


II 




Conversely, contractility and SV are decreased in the setting of: 

[3-Rfockadc T calcium channel blockers 
Heart failure 

Peripheral nervous system stimulation 
Acidosis, hypoxia, hypercapnia 

Length-Tension Relationship in Ventricles 

Sarcomere length affects the force of contraction (see Figure 1-18). At the 
optimal length, there is maximal act in-myosin overlap, which results in the 
maximum systolic contraction. Sarcomere length is related to preload. 

PRELOAD 

The load seen by cardiac myocytes while the heart is in its relaxed state. II 
represents the stretch on the filled ventricle during diastole, before contrac¬ 
tion takes place. Related to left ventricular end-diastolic volume (LVEDV) 
and left ventricular end-diastolic pressure (LVEDP). An acute increase in pre- 
load in diastole stretches the myocytes and causes optimized overlapping of 
actin-myosin complexes, leading to increased force of contraction in systole. 

Afterload 

Load against which the myocytes must contract to generate cardiac output. 
Represents the force that must be generated to push blood from LV into the 
aorta. Related to peak LV pressure. An acute increase in afterload reduces the 
volume of blood that is ejected during systole. 

Frank-Starling Relationship 

The greater the venous return, the greater the cardiac output. It can be 
thought of as the length-tension relationship applied to the whole heart: The 
force of systolic contraction is proportional to the initial length of cardiac mus¬ 
cle in diastole (preload). 

Molecular/cellular level: Sarcomere length is proportional to the force of 
contraction that it can generate: The longer it is, the more ernss-hridges 
that form, and the greater the tension that can develop. The increased 
stretch that the myocytes see when the ventricle is filled translates into 
optimized overlapping of the actin-myosin filaments, which generate 
increasing force of contraction when the cross-bridges recycle. Up to a cer¬ 
tain point, the increased slretch/preload leads to greater contractility. 



Cardiac glycosides such as digitalis 
increase the force of contraction by 
inhibiting Na + -K f -ATPa$e in the 
myocardial cell membrane. This 
results in increased intracellular 
[Na + ] and decreased Na + 
concentration gradient across the 
cell membrane. Since Ca 2+ extrusion 
reties on the Na* concentration 
gradient (Na + -Ca ?+ exchange), less 
Ca 2+ is removed and intracellular 
[Ca 2+ ] is increased, 



KEY FACT 

i _ 


Preload increases with exercise 
(slightly), increasing blood volume 
(overtransfusion), and excitement 
(sympathetic^). 



KEY FACT 


In the LV afterload is equivalent to 
aortic pressure and MAP/systolic 
pressure. 

In the RV, afterload is equivalent 
to pulmonary artery pressure and 
LVEDV. 



mm 

+- 1 


FIGURE 1 - 10 . Effect of sarcomere length on the force of contraction. There is an ideal 
length that maximizes the overlap between actin and myosin (b) and maximizes contraction, tf 
the sarcomere is too short (a) or too long (c). the myosin and actin do not interact as well. 
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FIGURE l-ig. Frank-Starling curve and the effect of positive and negative inotropic 
agents. 



KEY FACT 


Increased venous return —> 
increased cardiac output. 


Organ level: Increased venous return or cnd-diastolic volume (preload) 
leads to increased ventricular fiber length and increasing lens ion, which 
increases stroke volume and cardiac output. The Krank-Starling curve can 
be shifted up or down when the heart is in a slate of increased or decreased 
contractility, respectively (see Figure 1-19). 

Caveat: This rule holds up to a certain threshold preload. 'Hie heart at its 
strongest and contracting most vigorously can handle only so much venous 
return before it becomes overstretched. At a preload beyond this thresh¬ 
old value, act in-myosin overlap is no longer optimal, as the cross-bridges 
cannot form. As a result, contractility decreases as I lie preload continues 
to increase. 'Phis accounts for the descending limb of I lie length-tension 
curve at excessively high preloads. 


PRESSURE-VOLUME (PV> LOOPS 


PV loops describe the relationship between LV volume and pressure dur¬ 
ing the five phases of the cardiac cycle (see Figure The bottom curve. 



FIGURE 1-20. LVP-Volume loop, MmitfkiL with [icmuvdmi. from (Utiiing \\T Rc’yh.'h f>f 
\iedkat Physiology. 72nd <rtl. Ww York: McGraw-Hill, 21)05, ■ 
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TABLE i-io. Variables that Affect Stroke Volume in the Pressure-Volume Loop 



Effect on 


Stroke 

Variable 

Volume 

Increased preload and venous return (e.g, P aortic insufficiency) 

; 

Increased afterload (e.g„ hypertension, aortic stenosis) 

i 

Increased contractility (e,g. ( exercise) 

T 


which is the compliance curve, defines how the pressure in the LV changes as 
it is filled in diastole (LVKDV), 1 he five phases and how they relate to systole 
and diastole are as follows. 

Diastole 

MV opens and the ventricle rapidly fills until the pressure of the LV is greater 
than that of the IA arid the MV closes. Corresponds to P and PR intervals on 
EGG. 

Isovolumetric contraction. Period between MV closure and aortic valve 
(AoV) opening. Since the MV and AoV arc closed, the LV is a closed 
chamber and contracts under a constant volume. Eventually, LV pressure 
is greater than that in the aorta and the AoV opens. Corresponds to the 
ORS on EGG and is the period of highest C) 7 consumption* 

Systole 

AoV has opened: 

Systolic ejection. Period between AoV opening and closing. Volume 
ejected from the LV in this phase is the SV {width of pressure-volume 
loop). LV pressure decreases and the AoV closes. Corresponds to ST on 

KCC, 

Isovolu metric relaxation. Period between AoV closing and MV opening 
LV is a closed chamber with both the MV and AoV closed, LV relaxes 
until pressure in the LV drops to that of the LV the MV opens, and blood 
moves from the IA to the f V. Corresponds to T wave on the EGG. 

Rapid filling. Period just after MV opening. 

Slow filling. Period just before MV closure. 

SV can be altered with changes in preload, afterload, or contractility (see 
I able 1-10 and figure 1-21), 


CARDIAC AND VASCULAR FUNCTION CURVES 


The cardiac fund ion and vascular function curves plot how cardiac output 
and venous return change with respect hr right atrial pressure or end-diastolic 
volume (see Figure 1-22). The factors affecting these Functions include: 

Cardiac function curve (Frank-Star!nig length-tension relationship). 
Increased preload/venuus return leads In increased cardiac output, and 
decreased preload leads to decreased cardiac output. 

Vascular function curve. Increased right atrial or systemic pressure and/nr 
decreased blood volume decreases venous return to the heart (decreased 
preload), and vice versa. 
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figure 1 - 21 . Effect of changes in preload, afterload, and contractility on SV (width of 
pressure*volume loop), (Modified, with permission, from Kasper DL llrunmvakl K, Kmci AS, 
d al, 1/cirri.wm's Principles of Internal Medicine. I6tli c<L New York: McGraw-Hill, 200>: 1363.} 


Decreased blood volume (hemorrhage. shock) shifts the vascular func- 
lion curve left and downward, leading to decreased potential venous 
return and increased mean systemic pressure through sympathetic 
stimulation. 

Exercise shifts (he vascular function curve upward and to the right, 
in addition to increasing systemic pressure through sympathetic 
stimulation, 

X-intcrccpt of the vascular function curve yields mean systemic pres¬ 
sure, Pressure in the FOX when there is no blond How through the CV sys¬ 
tem (heart was stopped); pressure is equal throughout the CV system (ix\, 
there is no pressure gradient). 



FIGURE 1-22. Cardiac and vascular function curves and dependence on inotropy and 
blood volume, respectively. Changers in itmlrojiy affed I lie cardiac function cunt'. Changes m 
blood volume affect Uie v enous return curve. Changes in tnkil peripheral resistance (TPRj ef¬ 
fect both curves. Increased TPR causes a counterclockwise rota I ion of the venous return curve 
amt a clockwise rotation of the cardiat output curve. 































KEY FACT 


Intersection of cardiac and vascular function curve yields the equilib¬ 
rium point. Occurs when cardiac output - venous return. Provides the 
resting cardiac output. 


CARDIAC OUTPUT 


The volume of blood pumped per minute from either ventricle, which should 
be equal in the absence of pathology, is known as cardiac output. Normal rest¬ 
ing cardiac output is 4-8 L/min and can increase 5-6 times during exercise. 
Cardiac output can be calculated using SV and HR (Cardiac output = SV x 
HR) or measured using Pick's G 7 method. 


Pick's Cardiac Output 

Cardiac output is indirectly calculated by measuring ()-. consumption. Based 
on conservation of mass, the amount of (T delivered to the body (product of 
cardiac output and the difference in pulmonary artery and vein [O-]) must 
equal C 7 consumed. 


Pick's CO = 


C ) 7 consumption 


■ t ^2 1 puli nonary vein -[o ; ] 

pulmonary artery ■ 


Stroke Volume 

SV is the difference between end-diastolic volume and end-systolic volume, or 
the volume of blood ejected by the IV during a heartbeat, It varies directly as 
a function of contractility and preload, and varies inversely with aftcrload. SV 
increases with increased preload, decreased afterload, or increased contractil¬ 
ity. Other variables that affect SV and contractililv are summarized in Table 
1 - 11 . 


Ejection Fraction 

HP is the fraction of blood received by the LV (end diastolic volume) that is 
ejected (SV) and directly reflects state of contractility of heart. A larger per¬ 
centage of LV blood volume ejected (larger EK) reflects an increased contrac¬ 
tile state. 


i 

Mean systemic pressure is increased 

by: 

■ Increased blood volume 

■ Decreased venous compliance 
(blood shifted from veins to 
arteries) 

■ Exercise (sympathetic 
stimulation) 



KEY FACT 


Factors that increase 0 7 
consumption: 

■ Increased afterload 

* Increased contractility 

■ Increased HR 

■ Increased size of heart 
(increases radius -> increases 
tension via LaPlace's Law) 




MNEMONIC 


SVCAP 

Stroke Volume affected by: 

Contractility 

After load 

Preload 




stroke volume 

end-diastolic volume 


(normal ~ 5>%-80%) 


SV = ^ = EOV~ESV 

KK = T^-x 100% 

KDV 


TABLE t -1 T. Factors Affecting Contractility and Stroke Volume 

Contractility and SV t with: Contractility and SV l wim: 


Catecholamines (T activity of the Ca 2+ 
pump in sarcoplasmic reticulum) 
t Intracellular Ca 2 * 
i Extracellular Na + 

Digitalis (T intracellular Na + , causing T 
intracellular Ca 2+ ) 


P T *Bfockade 
Heart failure 
Acidosis 

Hypoxia/hypercapnia 

















THE CARDIAC CYCLE 


PV loops divide the cycle into five pluses: Isovohmietrie contraction, systolic 
ejection, isovolunietric relaxation, rapid filling ol ihe LV, and slow filling ol 
the LV (sec Figure 1-20), Hie heart cycle can be I raced from systole through 
diastole with PV loops {described earlier), pressure tracings in the heart, and 
heart sounds. 


Pressure Tracings during the Cardiac Cycle 

Pressure Changes in Diastole and Systole 

Diastole: Begins with MV opening and the LA emptying into the LV. As 
blood fills the LV, pressure in LV (IY\ ! rises slowly, \t the end of dias¬ 
tole, the LA contracts to empty into the LV and the MV closes. The LV 
contracts, causing a large rise in LV pressure until it exceeds that of aortic 
pressure (P V| ) and the AoV opens. 

Systole: The AoV opens and the LV ejects blood into the aorta. As P ( v 
decreases and ejection rate slows down, the AoV closes when P LV is less 
than 1\\ 0 , LV relaxes under a constant volume and the MV reopens once 
P l x is less than LA pressure (Pj 


KEY FACT 


Jugular venous distention is seen in 
right heart failure (RHF). 



KEY FACT 


The slope of the Y descent 
decreases in tamponade (i,e, r the 
RA empties slower) and increases in 
constrictive pericarditis. 


Pressure Changes in Jugular Venous Pulses, LV, and Aorta 

jugular venous pulses: Provides another complementary pressure tracing 
to follow mechanical (as opposed to valvular) events of systole and diastole; 
consists of a, c, and v waves, and Y descent (see Figure 1-23), 
a wave: Atrial contraction 

e wave: RV contraction (tricuspid valve bulging into the RA) 

v w ave: Increased RA pressure due In filling against closed tricupsid 

valve 

Y descent: Corresponds to rate of atrial emptying as the tricuspid valve 
opens 

LV pressure. In diastole, during LV filling, \\ v equals Pj v until the MV 
closes. During isovolunietric contraction, P [ V rises dramatically until it 
exceeds P^ o , and then the AoV opens to initiate systole. Vs blood rushes 
out ol the LV, the P| v drops, continuing to decrease as the AoV closes, 
and continues to drop more as the LV relaxes, until it equals that of the 
Pj v The MV opens once more and diastole begins again. 

Aortic pressure, hi diastol is greater than iy v ami the AoV remains 
dosed. When Pj v is equal to or greater than P Vll , the AoV opens and P w 
increases as blood (SV) is moved into the aorta. l\ u begins to decrease 
as the ejection rate slows down, P !V drops, and the AoV closes to begin 
diastole. 


Pressures in the various heart chambers arc measured with a Swaii-Ganz cath¬ 
eter (see Figure 1-24). The pulmonary capillary wedge pressure (PCWP) is a 
good approximation of LA pressure. 

Heart Sounds 

The slate of valve closure, ventricular filling, or pathology can be extrapolated 
from four heart sounds (sec Tabic 1-12), 


ST and S2 

SI and S2 are due to valve closures. SI is due to closure of the mitral and 
tricuspid valves; S2 is due to closure of the aortic and pulmonic valves. SI 
is usually auscultated as a single sound. S2, which is really composed of two 
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FIGURE 1 - 23 * Mechanical and electrical events of a single cardiac cycle* The seven 
phases are separated h\ vertical lines. (Adapted* with pennissirm* from CLmont; WT Review of 
Medical Physiology, 2 2 nd. New York Met Tuw-I 1 ill. 2005 j 
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sounds closely linked in time (AoV closure and pulmonic valve closure), splits 
during inspiration for two reasons: 

Inspiration decreases intrathoracic pressure, which increases venous return 
to the heart and delays pulmonic valve closure (P2 delayed). 



figure 1-24. Normal pressures in the heart in mmHg. SVC = >; R.-\ = 5-1(1; RV 
2s/5;lA - 25/10; LV = 150/10; Ao 150/00. 





























TABLE 1 

* 12 , Heart Sounds and Significance 

mufiMitiinminiidMi * -itjuuius:: - rinmiirrimmiiiiErmi ■ , j. ^uniimmipriwminmntiruintrMiMKin iiiuim 

Sound Significance 

SI 

MV and tricuspid valve closure; the MV closes before the tricuspid, so 51 may be 
split. 

52 

Aortic and pulmonary valve closure; the AoV doses before the pulmonic valve; 
inspiration causes increased splitting of 52, 

S3 

At end of rapid ventricular filling; normal in children; in adults, associated with 

dilated CHE 

54 

Filling of ventricle by atrial systole; not audible in normal adults; its presence 
suggests high atrial pressure or stiff ventricle. 




Inspiration has the opposite effect on A2 since blood wants to stay in the 
lung (lower tntrathoracic pressure). Tins transiently decreases venous 
return to the LA and LV, reduces LY filling, shortens LV emptying* and 
allows earlier AoV closure (A2) (sec higitre 1-25), 


PECULATION OF ARTERIAL PRESSURE 


Arterial pressure varies in a pulsatile pattern during the cardiac cycle. It is 
assessed bv measuring systolic pressure and diastolic pressure, and using both 
to calculate pulse pressure and MAP (see figure 1-26), 

Systolic pressure. Highest arterial pressure of the cardiac cycle. Measured 
after the heart contracts and blood lias been ejected into the arterial sys¬ 
tem. In older patients, it is increased due to age-related stiffening of large 
arteries. In younger patients, it is increased due to increased SV. Decreases 
with dehydration, p-blockcrs, diuretics, and blood loss. 

Diastolic pressure. Lowest arterial pressure of the cardiac cycle. Corre¬ 
sponds In the time when the heart is relaxed and blood is returning to the 
heart via the venous system. Decreases with aortic stiffening (decreased 
compliance), which resulls in less blood volume in the aorta at the ousel 
of diastole. 


Expiration 


Inspiration 


Az P 2 


m , S1 + S2 
Normal / \ Paradoxical 

splitting 


A 2 P 2 


SI S2 


^ splitting 
A 2 P 2 


SI S2 


FIGURE i*15, 52 splitting: Normal and pathologic states. During inspiration, the 

puliwmic valve closes even later, augmenting the s]>lil between \2 r AoV closure) and PI 
(pulmonic valve closure). However, in paradoxical splitting—which is associated with aortic- 
stenosis—P2 and \2 conic closer during inspiration. 
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Systolic 

pressure 

Mean pressure 

Diastolic 

pressure 


Pulse 

pressure 


FIGURE 1 -26. Arterial pressure during the cardiac cycle. 


Pulse pressure. Difference between systolic and diastolic pressure and 
depends mainly on SV. Decreased vessel capacitance secondary to aging 
(think slider pipes) increases the pulse pressure since systolic pressure 
increases while diastolic pressure decreases. 

Pulse pressure = systolic pressure — diastolic pressure 
MAP = diastolic pressure + ] /^ x (pulse pressure) 

Regulation of Mean Arterial Pressure 

Changes in MAP are detected by cither baroreeeptors or the kidney as 
decreased exlracellular circulating volume (ECV) (see Figure 1-27). Decreased 
baroreceptor firing is central I v processed and relayed to the autonomic nervous 


l Baroreeeptors 
firing 


| MAP 


VASOMOTOR 

CENTER 


ANS (T sympathetic activity) 


i 


HEART and VASCULATURE 


— Heart rate (Pi)—COT 

— Contractility (P,)—SVT h COT 

— Venous tone («)— 1 venous return T 

— TPR (a)T 


}MAP 


KIDNEYS 
I RBF delected 
f Ronin/angiotenstn system 


angioiensinll — ► aldosterone 


t blood volume 


Ttpr 


FIGURE 1-27. Control of MAR 



























KEY FACT 


i 

Mechanisms to regulate BP: 

« Baroreceptor reflex (short term): 
Baroreceptors in the sinus are 
always active, and increased 
activity indicates rise in BP 

■ RAAS (long term) 

■ Cerebral ischemia leading to 
hypercapnia 

■ Hypoxia with Po ? < 60 mmHg 

* Severe volume depletion leading 
to ADH secretion 

■ Atrial stretch mediated by ANP 

• Autoregulation 


system (ANS), whereas decreased KCV activales the rcnin-angiotensin-aldos- 
teronc system (RAAS). The barorcccptor reflex is neurally controlled and has 
a fast (minute-to-minute) response, while the RAAS is hormonally controlled 
with a slower regulation response, 

Mechanisms other than the fast barorcccptor reflex and slower RAAS to regu¬ 
late arterial pressure are based on Pc:o 7 , Po 7 , blood volume, and atrial pres¬ 
sure (see 'Table 1-13), 

Baroreceptor Reflex: Short-Term Regulation of Blood Pressure 

Stretch receptors located within the walls of the carotid sinus and aortic arch 
respond to both MAP and pulse pressure. Carotid sinus baroreceptors arc ton- 
ically active, so increased activity indicates an increase in BP, and decreased 
firing indicates decreased arterial pressure. Changes in firing rale at the 
carotid sinus (transmitted by CN IX) and at the aortic arch (transmitted by 
CN X) arc relayed to the vasomotor center of the brain stem and elicit ANS 
response. 

For example, decreased firing secondary to perceived drop in BP leads to 
decreased PS and increased sympathetic outflow to the heart, leading to 
increased HR, contractility, SV, and vasoconstriction of arterioles and veins 
(see Figure 1-28). 

Maneuvers that affect baroreceptor reflex: 

Increased SNS (sympathetic nervous system) output, decreased PNS out¬ 
put (leading to lowered BP): Carotid occlusion, cutting afferents, orthosta- 
sis/lying to standing, and fluid loss 

Turning PNS on, turning SNS off (leading to acute rise in BP): Carotid 
massage, volume loading, and weightlessness 


ta s i, E I -1 3 * Other Mechanisms that Regulate Arterial Pressure 


Trigger 

Response 

t Pco 7 in brain tissue 
(cerebral ischemia) 

t Sympathetic outflow to heart and btood vessels 

i Po 2 detected by 
chemoreceptors in carotid 
and aortic bodies 

Vasoconstriction to increase total peripheral resistance (TPR) 
and arterial pressure 

i Blood volume (e.g„ 
hemorrhage) 

Release of vasopressin (ADH) leads to vasoconstriction, which 
increases TPR and water reabsorptton. 

T Atrial pressure Release of atrial natriuretic peptide (ANP) to relax vascular 

smooth muscle to reduce TPR, and increase natriuresis to 

reduce blood volume 
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BarorecGplor reffox - fasl 



Iffl l Decreased firing rale of 
baroracoptora 

I 


Brainstem 

l 

i PNS, f sympathetic outflow to 


i 

* 

T HR, contractility* SV 
Vasoconstriction of arterioles* veins 


BP 


RAA system - slow 

mBmm 

[angiotensinogen 

T renin 

► T angiotensin 

1 

T Aldosterone release 

i 

i Na+ t water excretion 

i 

T extracellular fluid volume 


T 8P 


FIGURE 1-28. Effect of decreased BP on baroreceptors and the renin-angiotensin- 
aldosterone (RAA) system. 


Autonomic Nervous System 

Sympathetic and PS nervous systems of the ANS affect IIR via the SA and AV 
nodes, conduction velocity, and blood vessel lone through action on [il and 
muscarinic acetylcholine receptors (niACIiR), respectively {see *1 able 1-14). 

Renin-Angiotensin-Aldosterone System: Long-Term Regulation of Blood 
Pressure 

Decreased BP activates the RAAS* Renin is secreted and increases conversion 
of angiolensiuogcn to angiotensin* which causes increased release ol aldoster¬ 
one from the adrenal cortex, decreased Na and water excretion* and resulting 
increased extracellular fluid volume and BP (see Figure 1-28). 

Autoregulation 

Kaeh organ has a different mechanism to maintain constant blood flow over 
a wide range of perfusion pressures (sec Table 1-15). Except for the pulmo¬ 
nary vasculature, in which hypoxia induces vasoconstriction, hypoxia causes 
vasodilation in all other organs, thus increasing deliver) of blood and O-, to 
starved tissues* 


table 1-14. Autonomic effects on the heart and blood vessels* 



Sympathetic 

aaiafHiitiBiiiiirtiiiH«i»<tr4J«i4Pm»tmuin»iw 

Parasympathetic 

Heart Rate 

t via receptor 

i via mAch receptor 

Conduction Velocity at AV node 


(contractility decreased in 

Contractility 


atria only) 

Vascular Smooth Muscle 

Constriction via u 1 receptor 

■nmitntT'lirlMii 11 itWIintiMMiUnoHIIIIIUIIIlti iimi 

Relaxation via receptor 

—wi iiiiiiMiiiiiuiiim lumnwHiWitiiBai 




KEY FACT 


Conduction velocity through the AV 
node is controlled by: 

■ SNS: Increased conduction 
of action potentials from 
atria to ventricles, which may 
compromise ventricular filling 
time 

■ PMS: Decreased conduction 
increased PR interval 



KEY FACT 


Circulation through organs: 

Liver: Largest share of systemic 
cardiac output 

Kidney: Highest blood flow per gram 
of tissue 

Heart: Largest arteriovenous 0 ? 
difference; increased 0 2 demand 
met by increasing coronary blood 
flow. 
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TABLE 1-15. 

Autoregulation in Various Organs 

fffrriiiiriiiiiitiiiitfiiiti i if iff rif n it 

Organ 

Factors Determining Autoregulation 

Portion of the 

Cardiac Output 

Received (%) 

Heart 

Local metabolites: 0 2 , adenosine, NO; enhanced 
during mechanical compression in systole 

5 

Brain 

Local metabolites: C0 2 (pH) 

15 

Kidneys 

Myogenic and tubuloglomerufar feedback 

20 

Lungs 

Hyp oxia-in duced va soco nst riction 

100 

Skeletal muscle Local metabolites: lactate, adenosine, K* (also His, 

bra dy kin in) 

20 

Skin 

Sympathetic stimulation 

5 


TrtHiHiriiBnililiiw^——.—dill IIIHHIIII iLUUlllllflWti 


HEMODYNAMICS AND PERIPHERAL VASCULAR CIRCULATION 



KEY FACT 

i_ 


Arterioles: Site of highest resistance 
in the CV system 
Capillaries: Largest total cross- 
sectional and surface area 
{remember, this facilitates gas 
exchange!) 

Veins: Highest proportion of blood in 
the CV system 


Physical factors such as blood flow, velocity, resistance, and capacitance gov¬ 
ern blood Row within the circulator)' system. The components of blood and 
the circulator)' system (he., types of vasculature) are reviewed briefly. 

Blood 

Normal adult blood composition is illustrated in Figure 1-29. Note that serum 
= plasma - clotting factors (e,g., fibrinogen). 

Components of the Vasculature 

The vasculature includes arteries, arterioles, capillaries, venules, and veins, 
each of which has different composition and function (see Table 1*16), 




91.5% H 2 0 

55% plasma 4 — 

— 7% proteins 


Salts, lipids. 


enzymes, vitamins 


/ Erythrocytes 

45% formed / 

/ 

elements K - " 

Leukocytes/WBC 

(hematocrit) > 

\ 


x Platelets 


< 55% albumin 
38% globulins 
7% fibrinogen 

PMNs 40-70% 
Lymphocytes 20-40% 
Monocytes 2-10% 
Eosinophils 1-6% 
Basophils < 1% 



figure I -1 a. Normal adult blood composition. 
























TABLE 1*16* Function and Composition of the Vasculature 



j m Him mmnKntmuuniii m n 11 urmHimnim 

Composition 

Pressure 

Minji^T-rTHlfF*T*a imirfniAfliiiitifiimm nanfjgj 

Function 

Artery 

Thick-walled with elastic 

tissue, smooth muscle 

Nigh 

Deliver oxygenated blood to 

tissues 

Arteriole 

Smooth muscle with 

High 

Smallest branches of arteries 


innervation from autonomic 
nerve fibers 


Capillary 

Single layer of endothelial 
cells, thin-walled 

Low 

Exchanges nutrients, water, and 
gases with surrounding tissues 

Venule 


Low 

Formed from merged capillaries 

Vein 

Thi'n-waffed 

Low 

The largest vein, the vena cava, 

mwiniimiriTiMiiM 

iuim mi i iiimuin umrrmmtra 


returns blood to the heart 

iti 11 m miityi III4IH unuii rawfiiiifami mimniwimni n i nm 


Hemodynamic Parameters 
Velocity of Blood Flow (v) 

v = g/A 

v - velocity (cm/sec) 

Q - blood flow (mL/min) 

A = cross-sectional area (cm 2 ) 

Velocity' is directly proportional to blood flnw' (increased blood flow —> 
increased velocity), and inversely proportional to area; i.c\, blood flow veloc¬ 
ity is higher in the aorta (smaller cross-scctional area) Ilian in the capillaries 
(larger total cross-sectional area)* 


Blood Flow (Q) 

Q = AP/R 

Relationship is analogous lo Ohm s law (I - V/R), where 

Q (blond flow or cardiac output, mL/min) I (current) 

AP (pressure gradient ifunHg) <-> V (voltage) 

R (resistance, mmHg/mL/min) R 


Blood flow is inversely proportional to blood vessel resistance and can be hor¬ 
monally controlled* Histamine and bradykinin mediate arteriolar dilation 
and venous constriction, promoting blood flow to the site of their secretion, 
whereas serotonin causes arteriolar constriction* Prostaglandins have differ¬ 
ent effects— prostacyclin is a vasodilator in several vascular beds, but throm¬ 
boxane A2 acts as a vasoconstrictor. 

■ Coronary blood flow: During systole, coronary arteries are compressed —> 
increased coronary vascular resistance —> decreased coronary blond flow* 
The largest proportion of coronary blood flow occurs timing diastole* 

Resistance (R) 

driving pressure (AP) ^{viscosity) x length . ... , ~ 

Resistance = —- V —- = —---— (ftnseiiillc's Law) 

flow (Q) XT* 



Viscosity Oi) depends on hematocrit, 
which is increased in: 

* Polycythemia 

■ Hyperprolcmemic states (e*g* r 
multiple myeloma) 

■ Hereditary spherocytosis 
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Resistance is inversely proportional to the fourth power of the blood vessel 
radius, so increasing the radius by 2 times decreases the resistance by a factor 
of 2^ - 16! Resistances in parallel or series can be calculated with the follow¬ 
ing equations: 

In parallel [e.g,, systemic circulation in which each organ is supplied by 
an artery that branches off the aorta) 


iflwd-i/R* 


+ l/R, 


+ l/R. 


In scries (e.g., the arrangement of blood vessels in a given organ; (be 
incoming large artery becomes arterioles, capillaries, and veins that are 
arranged in scries) 

R toU = Artery + 'Vj|iilljri» + *Vdn, 

1 he same volume of blood flows through each set of vessels; i.e,, blood 
(low through the largest artery is the same as through all the capillaries. 



KEY FACT 

i _ 


Velocity v = Q/A 
Blood flow Q = AP/R 
Resistance 

driving pressure (AP) 
flow (Q) 


8;? (viscosity) x length 
/rr* 


\rtcrioles have I lie largest proportion of resistance, and flics are responsible 
for I lie largest drop i n perfusion pressure. 


Capacitance (Compliance) 

C = V/P 


C = capacitance (mL/mmHg) 
V - volume (ml) 

P - pressure (mmI Ig) 


Capacitance describes how distensible a blood vessel is and is inversely related 
to elaslanee. Since veins are more compliant than arteries, more blood is 
stored in veins than in arteries. During aging, vessels stiffen and become less 
corn pliant. 


Capacitance C - V/P Laminar versus Turbulent Flow 

— Laminar flow is streamlined (i,c. f travels in a straight line). Turbulent flow is 

not and causes audible vibrations (bruits). Turbulence is increased by: 

Decreased blood viscosity (e.g., anemia) 

Increased blood velocity (e,g., narrower vessel, increased cardiac output) 


Capillary Fluid Exchange 

Fluid movement is determined by osmotic and hydrostatic pressures in the 
capillars and interstitial space, which arc known as Skirling forces (see Figure 
1-50). These include: 

P c - Capillar)' pressure: Tends to move fluid out ol the capillary 
Pj - Interstitial fluid pressure: lends to move fluid into the capillary 
7C. - Plasma colloid osmotic pressure: lends In move fluid into the 
capillary 

7tj - Interstitial fluid colloid osmotic pressure: lends In move fluid out of 
flic capillary 
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Capillary 


FIGURE 1*30. Capillary fluid exchange. 


Net Filtration Pressure (P het ) 

Sum of the Starling forces (note that the force is negative if entering the capil¬ 
lary and positive if leaving the capillary): 

P »Krt = “ Pi> - 

Net Fluid Flow (Jy, mL/min) 

Determined by P. and K t , the filtration constant I capillary permeability). 
This relationship is known as the Starling equation. A positive L means net 
fluid movement out of the capillary (filtration). 


Lymphatics 

lymph from right side of upper body empties into right lymph duet. All other 
lymph empties via the thoracic duct into the venous system. I ,ymph has the 
same composition as the surrounding interstitial fluid. 

Edema 

Occurs when volume of interstitial fluid > capacity of lymphatics and fil¬ 
tration; caused by increased K ( , increased P t , and/or decreased 7t ( . (these al! 
increase J v ) (sec'fable 1-17 and table I-18). 


TA 6 L E I -1 7 * Causes and examples of edema. 

UiHM>mwwBi)iwmw»i>iMi>nitlWiii mi min Mill mini i min null iliiHIH III Im Mil iillllllim mil miunimilliiiii 

Cause Examples 


T P c Increased venous pressure 

Standing, which causes edema in the dependent limbs 


i Decreased plasma protein concentration secondary to: 
Decreased synthesis (liver disease) 

Decreased intake (protein malnutrition) 

Increased excretion (nephrotic syndrome) 


T Kj Bum 

Inflammation 

HimmuininimrtiBTWMPiwaaamMfc’W Mit wi W Biiiiiufttmitttmjiiiiitiiimuminimtioi -m 
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TABLE 1 - IS, 

■ntnvv! ihiihhwihhiih i re 

Types of Edema 

rwwi— —*mh— iimnii^Tinn n rf i llii tiiiin inKsnitriH i ill ti 


Types of Edema 

i Transudate 

Exudate 

Mechanism 

Increased capillary pressure (P c ) or 

More permeable vessels 


decreased oncotic pressure ( 7 t c ) 

(increased K f ) 


Fluid from the vessel is either 

The vessel becomes leakier; 


pushed out or leaves based on 

therefore both protein and 


differences in osmotic pressure. 

fluid leave. 

Composition 

Protein-poor 

Protein-rich 

of fluid 

hum,>uhi mttuitiUJlttttlillMBwrtrrtllifmiiiutu hum im—i iiiiim umm>imi 

11 ii 11 u hpi niMwmimun* 

| ELECTROCARDIOGRAPHY 

1 



figure 1 - j I. Characteristic 
delta wave seen in Wolff-Parkinson- 
White syndrome. 


ECGs ;irc recordings of electrical impulses flowing through (he heart. They 
provide information about cardiac structure and function. These impulses fol¬ 
low a distinct pathway, known as the cardiac conduction system: 

Ail electrical impulse begins at the SA node. 

The impulse traverses the atria to the AV node. 

The AV node conducts the impulse slowly, which allows atrial contraction 
to be completed before ventricular depolarization and contraction occur. 
Conduction continues through the bundle of His and into right and left 
bundle branches. 

bundle brandies divide into Purkinjc fibers, which stimulate myocardial 
cell contraction. 

Wolff-Parkinson-White Syndrome 

If an accessory pathway from the atrium to the ventricle is present, electrical 
impulses bypass the AV node and ventricles partially depolarize earlier. This 
condition, known as Wolff-Parkinson-White syndrome, has a characteristic 
delta wave on F.CC (see Figure I-si) and may result in reentry current, lead¬ 
ing to supraventricular tachycardia. 


z 


KEY FACT 


Locations and corresponding leads 
Inferior = II, III aVF 
Anterior = 



KEY FACT 


Increased HR -> decreased PR 
interval 


Electrocardiogram Lead System 

Twelve leads record along set axes—six leads on the frontal plane (I, II, III, 
aVR, aVL t and aVF) and six on the transvcrsc/horizontal (VpV 6 ) plane of 
the body, also known as the chest or precordial leads (see Figure 1-32), ECG 
is recorded on 1-mm graph paper at a speed of 23 mm of recording paper per 
second, Kach millimeter {small box) corresponds to 0,04 second, and 5-mm 
grid lines indicate 0,2 second. 

Electrocardiographic Intervals 

There are three major intervals: 

PR interval. Measured from onset of I 1 wave to onset of QRS; depends on 
both conduction velocity through AV node and I IR. 

QRS interval. Measured from beginning to end of QRS complex. 

QT interval. Measured from beginning of QRS to end ofT wave. 

Normal interval lengths are listed in Table 1-19. 
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TABLE 1 - 19 . Electrocardiographic Intervals 

OTMMUEttnii »iti11 utililuwaritm. 11i—ruiniiMMiMmumiilMCtvunsrmwtrif 


Interval 

Normal Range 

PR 

0.12-0.20 sec (3-5 small boxes) 

QRS 

£ 0J0 sec (£ 2.5 small boxes) 

QT 

Corrected QT* £ 0.44 sec 

i mini i mill. 


^Corrected QT = QT/V(R'R) P R-R = distance be¬ 
tween two QRS complexes 


ARRHYTHMIAS 


Arrhythmias are abnormalities of electrical rhythm that result from alterations 
of impulse conduction, impulse formation, or both. 

Disturbances of Impulse Conduction 

Disturbances can be due lo a delay or failure of conduction and can occur in 
any part of the cardiac conduction system, in particular, in the AV node (AV 
block) and bundle branches (bundle-branch block). 


AV Block 

First-degree AV block: Conduction between alria and ventricles is delayed 
due to an abnormal AV node. Prolonged PR interval (> 0.20 see), wilh 
each P wave followed by a QRS complex (see Figure M3). Due to a wide 
variety of causes, including vagal stimulation. (Weceplor antagonists, and 
infiltrative or degenerative conditions (c.g., amyloidosis, sarcoidosis) 
Second-degree AV block: Intermittent or cyclical failure of impulse con¬ 
duction from atria to ventricles. If it occurs in a regular pattern, it is often 
described as the ratio of the number of P waves {conducted and noncon- 
dneted ) to the number of QRS complexes per cycle (e.g,, 3:2, 4:3, 2:1), 
The two types — Mobitz type I (aka Wenckebach) and type II—can be dif¬ 
ferentiated by PR intervals (see Table 1-20 and Figure 1-34). 

'Third-degree (complete) AV block: Failure of any impulses to be con¬ 
ducted from atria to ventricles. Atria and ventricles beat independently of 



KEY FACT 


in Mobitz type 1 second-degree AV 
block, PR intervals progressively 
lengthen before the dropped beat. 
In Mobitz type If, PR intervals are 
constant. 


Superior 


Posterior 




Anterior 


Inferior 


FIGURE 1-32. (A) Frontal and (B) precordial leads. (Modified, wilh permission, from 

Kasper Dl„ firaumvald K, Kanci AS, el ;ri, nom'wjrix Principles nf Internal jV Witw, I filli ed. 
New York: McGraw-Hill, 2005: 1312.) 

















Prolonged PR interval 


FIGURE t - 3 3 « First-degree AV block. 


each nlhur (AV dissociation), in which ventricles are depolarized bv AV 
nodal or ventricular escape rhythm. As a result, both P waves and QRS 
complexes are present, but there is no relationship between P waves and 
QRS complex (see Figure M5). Atrial rate is faster than ventricular rate. 
Usually treated with a pacemaker. 

Bundle-Branch Block 

failure of impulse conduction through one of the bundle branches. Affected 
ventricle depolarizes much more slowly. For example, in left bundle-branch 
block (LRRBl, the RV depolarizes before the LV, 

Disturbances of Impulse Formation 

Disturbances of impulse formation arc due to an ectopic impulse originating 
from outside I lie SA node, which depolarizes the heart and causes an ecto¬ 
pic heat. These may originate from latent pacemaker cells (in the AV nodal 
area or 1 iis-Purkinje system) outside the SA node (escape beats), from the 
atria (supraventricular arrhythmia), or from the ventricles (ventricular 
arrhythmia), 

Escape Beats and Rhythms 

Normally; pacemaker cells outside of the SA node (i.e. t AV node and His- 
Purkinje system) remain latent since their rale of depolarization is slower than 


TABLE 1*20, Comparison of Mobiti Type I and II Second-Degree AV Block 



Mobiti Type t (Wenckebach) 

Mobiti Type U 

Description 

Intermittent failure of AV conduction 

Sudden, unpredictable loss of 

AV conduction 

ECC finding 

Progressive lengthening of the PR 
interval unlit a beat is 'dropped" (P 
wave not followed by QRS complex) 

Constant PR intervals before 

dropped beats 

Anatomic site of 

block 

AV node 

Almost always below the AV 
node; frequently associated 

with bundle-branch block 

Complications 

Usually asymptomatic; very rarely 
progresses to third-degree (complete) 

AV block 

m 11 ttrttffmmnH »i*tt 11 tin 11 if u m iiwiitn i mi mun mm 11 n t11 m u uhi i n 

Often progresses to third- 
degree AV block; may require 
prophylactic pacing 
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FIGURE i *34, ICG tracings of second-degree AV block A) Mobil/ t> pe b and (B) Mobil/ type Tl 


that t)f Ihe SA node; they are depolarized by the SA nodal impulse before they 
reach threshold and depolarize spontaneously. 

However, if the SA nodal impulse fails to depolarize these pacemaker cells, 
they may reach threshold and produce an escape beat. Two types— junc¬ 
tional and ventricular escape heats —may occur, depending from where they 
originate. 

Nodal or functional escape beats. Originate from the AV nodal area and 
are conducted through the 11 is-Purkiiijc system to the ventricles, produc¬ 
ing a normal QRS complex. Junctional escape rhythms can be seen in 
third-degree (complete) AV block. Typical rale; 45-60/min, 

Ventricular escape heats. Originate from an ectopic ventricular focus 
(often Purkinjc fibers). Abnormal OKS complex. Ventricular escape- 
rhythm can be seen in third-degree (complete) AY block. Typical rate: 
3 5-40/mi n. 

Supraventricular Arrhythmias 

These originate above the ventricles and usually have normal QRS complexes. 

Paroxysmal supraventricular tachycardia (PSVT). Regular, rapid {150- 
250/inin) arrhythmia that originates in atria or AV node. Often due to re¬ 
entrant pathway in the AV node. 


P on T wave P wave on ST*T complex 



figure i - j 5, ECG tracing of third-degree (complete) AV block 
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FIGURE 1-56. ECG tracing of atrial flutter 



KEY FACT 


A mural thrombus adheres to a wall 
of the heart or major artery. MS is a 
risk factor for LA mural thrombus. 


1 


KEY FACT 


Impulses that travel through the His- 
Purkinje system are associated with 
normal QRS complexes. Impulses 
that originate in the ventricles are 
conducted slowly through ventricular 
myocardium and produce an 
abnormal QRS complex. 


Atrial flutter. Regular, rapid (250-4 5G/min) arrhythmia originating from 
the a triiu ECG shows a rapid succession of identical, back-to-back a I rial 
depolarization waves, giving a "sawtooth" appearance (.see Figure 1-36). 
Caused by re-entry over a large anatomically fixed circuit. Not all atrial 
impulses arc transmitted to ventricles because the AV node is in refractory 
period (physiologic AV block) — 2:1 or 4:1 conduction. 

Atrial fibrillation. Irregularly irregular, rapid (350-600/min) impulses 
from multiple atrial foci depolarize the atria. Chaotic and erratic baseline 
with no discrete P waves and irregularly spaced QRS com (ilexes (see fig¬ 
ure 1-47), Associated with right or left atria enlargement. Atrial contraction 
ineffective, causing decreased cardiac output. 

Ventricular Arrhythmias 

Arrhythmias that originate in ventricles and therefore have abnormal QRS 

complexes. 

Premature ventricular contraction (PVC), Ectopic ventricular pace¬ 
maker produces an ectopic beat before the next sinus beat occurs. 
Ventricular tachycardia (VT). Ectopic impulses originate in ventricles at 
a regular, rapid rate (100-250/min). Most frequently caused by re-entry 
mechanism. Can deteriorate into ventricular fibrillation. Torsades de 
pointes is a form of VT in which QRS amplitude and axis change cycli¬ 
cally. Occurs most often in patients with prolonged QT interval. 
Ventricular fibrillation. Rapid, irregular ventricular depolarization due lo 
impulses that originate from multiple ectopic ventricular foci. Completely 
erratic rhythm with no identifiable waves (see Figure 1-48). Fatal arrhyth¬ 
mia without immediate (Icfibrillation. 



FIGURE 1-57. ECG tracing of atrial fibrillation. 
































































































































figure 1-38. ECG tracing of ventricular fibrillation. 



Hypertension affects more than 20 % of the population and is a major risk fac¬ 
tor for many CV diseases. It is defined as a sustained systolic pressure > 140 
mm I Is; and/or a diastolic pressure > 90 mm! fg. Risk factors include African 
American race, obesity, diabetes, advanced age* oral contraceptives, fam¬ 
ily 1 listen; excessive alcohol consumption, and cigarette smoking (see 'lable 

wi). 



KEY FACT 


Primary (Essential) Hypertension 

Primary hypertension is the most common type (95% of cases) of hyperten¬ 
sion. Although there is no identifiable cause* genetics, excessive sail intake, 
and increased adrenergic tone have all been implicated in primary hyperten¬ 
sion. Risk factors include increasing age, obesity, diabetes, smoking, genetics, 
and race (African American > Caucasian > Asian) because of reduced sodium 
excretion. 


The most common cause of atrial 
fibrillation in the United States is 
hypertension. 


CLINICAL 

CORRELATION 


Complications include atherosclerosis, stroke, chronic kidney disease. LV 
hypertrophy (see Figure 1-39), heart failure, retinopathy, aortic dissection, 
and ischemic lieartdisea.se (1HD). 

Diagnosis 

BP of > 140/90 nimHg, confirmed on three separate occasions, or a single 
reading of > 170/110 mmHg. Since it is a diagnosis of exclusion, rule out sec¬ 
ondary hypertension. 


For each 10-mmHg systolic or 
5-mmHg diastolic pressure increase 
above 115/75 mmHg, the CV 
disease risk doubles. 


TABLE 1-21. 

Stages of Hypertension 



Systolic (mmHg) 

Diastolic (mmHg) 

Normal 

< 120 

<80 

Pre hyp e rte n sion 120-139 

80-89 

Stage 1 

140-159 

90-99 

Stage 2 

£ 160 

2 100 


















































































KEY FACT 


Thiazide diuretics are the initial drug 
of choice for treatment of primary 
hypertension. 



CLINICAL 

CORRELATION 


ACE inhibitors have been proven 
to lower mortality and morbidity 
in diabetic hypertensives. They 
decrease renal hypertension 
by lessening efferent arteriolar 
vasoconstriction and therefore 
intraglomerular pressure, preventing 
eventual proteinuria. 



Decreased vascular tone -* 
increased renin production 
angiotensin 1 -* angiotensin II 
vasoconstriction hypertension 
and increased aldosterone secretion. 
Aldosterone -> sodium and water 
retention hypertension. 



KEY FACT 


Pheochromocytoma presents 
with the triad of hypertension, 
diaphoresis, and tachycardia. 



FLASH BACK 


Coarctation of the aorta is a 
constriction of the aortic segment 
usually distal to the left subclavian 
artery that leads to high BP in the 
upper extremities, low 13P in the 
lower extremities, and differential 
cyanosis. 



figure i -39, LV hypertrophy, 1 lorizontal sections of the I A 7 in the above picture show 
concentric hypertrophy often seen in hypertension. (Image courtesy of PEIR Digital Library 
[http://peir.iiel], J 

Treatment 

Initial treatment includes weight loss, decreased alcohol intake, increased 
exercise, reduced Na intake, and smoking cessation. All of the above are nth* 
envisc known as therapeutic lifestyle modifications. 

Medical therapy involves the use of diuretics, p-adrencrgic antagonists, angio- 
tcnsiiMonverling enzyme (ACE) inhibitors, angiotensin receptor blockers 
(ARBs), calcium channel blockers* or a-adreiiergie antagonists* 

Secondary Hypertension 

Secondary hypertension is increased systemic arterial pressure as a result of 
other identifiable conditions. Features of secondary hypertension include 
onset of hypertension at ages < 20 or > 50 years old, BP > 180/110 mmllg, 
abdominal bruits, and a family history of renal disease or uncontrolled hyper¬ 
tension despite maxima] doses of three antihypertensive agents. Etiologies 
include: 

Renal artery stenosis: Etiologies include atherosclerosis (older patients, 
usually bilateral) and fibrous dysplasia, a “beaded appearance” on arterio¬ 
gram (young women). 

Renal parenchymal disease: Treat with ACE inhibitors, which slow 
progression. 

Oral contraceptive pill use, glucocorticoids, phenylephrine, and NSAIOs 
(preferentially constrict the afferent arteriole). 

Phcocliromocvloma: Adrenal tumor secreting catecholamines. 

Primary aldosteronism (Conn's syndrome): Aldosterone-producing tumor 
causes triad of hypertension, hypokalemia, and metabolic acidosis (increased 
aldosterone* decreased renin), 
n 1 Ivperlhvmidism. 

Cushing's syndrome. 

Coarctation of the aorta. 

Presentation 

Patients are usually asymptomatic but can present with symptoms of cud- 
organ damage such as chest paiu, peripheral edema, vision changes, and clau¬ 
dication, On physical exam* cheek for signs of end-organ damage. 
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Cardiac; An $4 heart sound due lo increased resistance to ventricular fill¬ 
ing and peripheral edema. 

Renal: Microalbuminuria, proteinuria. 

Vascular: Carotid bruits, hyaline arteriosclerosis, abdominal bruits. 
Ophthalmologic: Loss of venous pulsations, arteriovenous nicking, hem¬ 
orrhages, and papilledema. 

Diagnosis 

A good history and physical exam arc necessary in hypertension. Clinical fea¬ 
tures of secondary causes of hypertension, if they can be elicited, are extremely 
helpful. These can include sweating and palpitations for pheoclimmoeytoma, 
an abdominal bruit for renal artery stenosis, temperature intolerance, lack 
of energy and bradycardia/tachycardia for thyroid disorders, or absent femo¬ 
ral pulse for coarctation of the aorta. Lab studies include TSll, plasma renin 
activity, urinalysis, and serum creatinine. Diagnostic tests are those for each 
individual disease. 

Treatment 

Includes treating the underlying dialogic cause Nonpharniacologic treat¬ 
ment includes weight loss, sodium restriction, smoking cessation, exercise, 
and reduction in alcohol intake. Anti hypertensive medications include ACK 
inhibitors, ARBs, diuretics, vasodilators, calcium channel blockers, and rx-and 
(S-l dockers. 

Malignant Hypertension 

Malignant hypertension is a severe, rapid increase in BP, usually > 240/120 
mini lg, associated with organ damage ("flea-bitten kidneys"). It is most often 
seen in young African American males. Clinically it is characterized by I V 
hypertrophy, increased diastolic pressure, papilledema, and retina) hemor¬ 
rhages, as well as chest pain, dyspnea, angina, or headache. End-organ dam¬ 
age results in CV damage, pulmomm edema, azotemia, fundal hemorrhages, 
encephalopathy, seizures, and coma. 


ARTERIOSCLEROSIS 


Arteriosclerosis comprises a group of diseases that involve arterial wall thicken¬ 
ing and loss of elasticity. They are divided into three categories. 

Monckeberg's Arteriosclerosis 

A benign medial calcification of medium-sized (muscular) arteries that usu¬ 
ally affects radial, ulnar, tibial, uterine, or femoral arteries in the elderly. It is 
normally asymptomatic and benign (unless associated with atherosclerosis). 

Arteriolosclerosis 

Affects the Ultima of small arterioles and arteries and is most often seen in the 
elderly and in those with diabetes, metabolic syndrome, or hypertension. 

Microscopically there arc two types of arteriolosclerosis: 

Hyaline arteriolosclerosis; Protein deposits seen in essential hypertension 
are visualized as pink arterial wall thickening with luminal narrowing in 
diabetics. It is due to advanced glycosylatiou cud products being deposited 
in the vessels basement membrane* hi hypertensives, il results from an 
increased pressure in the arteries that forces proteins into the wall causing 
increased muscle and clastic tissue (see Figure 1-40), 


CLINICAL 

CORRl.l AflON 


Hypertensive urgency = BP > 
180/120 mmHg with no end-organ 
damage 

Hypertensive emergency - BP > 
180/120 mmHg with end-organ 
damage 



KEY FACT 


Monckeberg's does not obstruct 
arterial flow since the intima is not 
involved, 




MNEMONIC 


Monckeberg is Medial calcification of 
the Medium-sized arteries. 



FLASH BACK 

i— _ 


Metabolic syndrome is a group of 
risk factors in a single individual 
that increases risk for CV disease. 
These include insulin resistance, 
hypertension, abdominal obesity, 
dyslipidemta, and prolhrombotic 
states. 















FIGURE 1*40. Hyaline arteriosclerosis. There is vast filnotic mlhmil tliickcuiii^and sub- 
endothelial foum cclk (Image courtesy of PKIR Digital Library |http://poir.utrt}.) 



In the kidney, hyaline 
arteriosclerosis is termed 
benign nephrosclerosis, and 
hyperplastic arteriosclerosis 
is termed malignant 
nephrosclerosis. 



KEY FACT 
L_ 


Hyperlipidemia is defined as 
an excess of fat in the blood. 
These lipids can be triglycerides, 
cholesterol, cholesterol esters 
(compounds), or phospholipids. 



KEY FACT 


Greactive protein (CRP) is a marker 
of inflammation, as seen in unstable 
plaques. 



KEY FACT 


Oxidized LDL is more atherogenic. 


I lyperplastie arteriolosclerosis: Seen in malignant hypertension, is visual¬ 
ized as an increase in smooth muscle proliferation and basement mem¬ 
brane duplication leading to “onion skinning 1 (concentric wall thicken¬ 
ing). Effects arc especially prevalent in the renal arterioles (sec Figure 
Ml). 

Atherosclerosis 

Usually affects medium and large arteries such as the aorta, coronary arteries, 
carotid arteries, cerebral arteries, and popliteal arteries. Lipid deposition, fatty 
streaks, and fibrous plaques form in liic inti mu of medium to large arteries. 
Risk factors are divided into major and minor categories. 

Major: Hyperlipidemia, hypertension, smoking, diabetes, and obesity. 
Minor: Male gender, oral contraeeptivesAiecreased estrogen, increased 
age, sedentary lifestyle, stress, elevated homocysteine level, family history, 
and infections (Chlamydia pneumoniae). 

Pathogenesis 

Endothelial cell injure —> macrophages/platelets adhere Eu damaged endothe¬ 
lium and release cytokines —> smooth muscle hypcrplasia/migrafion of cells 
to the tunica intima —» macrophages form foam cells plus smooth muscle 
—> fibrous cap develops —» fibrous cap (plaque) calcifies dystrophically and 
ulcerates —» platelets adhere to the nicer, causing vessel thrombosis (see Fig¬ 
ure 1-42) 



figure i - 4 t . Hyperplastic arteriosclerosis. Notice how the basement membrane du¬ 
plication and smooth muscle proliferation resemble the layers of an onion. (Image courtesy of 
PKIR Digital Library | liTtp://pcir,nct|.) 
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Hyperlipidermia, Hype dens ton, 
Smoking. Toxins. Hemodynamic 
factors, immune react ions. Vi ruses 



Extracellular 
matrix synthesis 

Proliferation of 
smooth muscle 
cells 

Extracellular 
lipids and 
necrotic cells 

Migration of 
smooth muscle 
cells 


Normal vessel 


Progressive development of 
artherosclerotic plaque 


Figure 1-42. Pathogenesis of atherosclerosis. 


GHOSs//WftffO 0 /O£OGK 

halty streaks are fill and yellow and on microscopy contain foam cells 
(lipid-laden macrophages). 

Fibrous plaques are elevated white plaques that contain a necrotic core of 
cholesterol, lipids, foam cells, and debris surrounded by a fibrous cap of 
collagen, smooth muscle, and lymphocytes (see Figure M3). 

Complications 

Plaque rupture, unstable angina, MI, death, stroke, aneurysm formation due 
In artery wall degeneration, transient ischemic attacks, renal artery ischemia. 



KEY FACT 


Aneurysm formation is often found 
below the level of the renal arteries 
since there are fewer vasa vasorum 
in the media of these vessels, 
leading to increased impact of 
ischemia. 



FIGURE 1-43. Fibrous plaque. 
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peripheral vascular occlusive disease, impotence, claudication, proximal 
renal thrombosis —» RAAS activation and hypertension 



KEY FACT 


The most common etiology of 
myocarditis is viral. 



KEY FACT 


Bacterial myocarditis is rare in 
patients without immunodeficiency. 



FLASH BACK 


Virulence factors of S, aureus 
include protein A to inhibit 
phagocytic engulfment and 
catalase to enhance survival in 
phagocytes. 



KEY FACT 


Right-sided endocarditis should 
suggest IV drug abuse. Since drugs 
are injected into the veins, the 
bacteria go to the right heart first. 



Septic emboli can cause ring¬ 
enhancing brain lesions, as can 
tumors, pyogenic abscesses, 
toxoplasmosis, and tuberculosis. 


MYOCARDITIS 


Myocarditis is inflammation of the hear! muscle secondary to multiple pos¬ 
sible etiologies. Infection is common and can be viral or bacterial. Viral, 
including eoxsackic B, rubella, and cytomegalovirus, is the most common. 
The condition can often be diagnosed by endocardial biopsy showing lympho¬ 
cytic infiltrates* 

Bacteria such as Staphylococcus aureus , Coiynebacterium diphtheriae, and 
Haemophilus influenzae can cause myocarditis. 

Myocarditis in those with HIV can he caused by toxoplasmosis or Kaposi s sar¬ 
coma metastasis. Chagas 1 disease (caused by Trypanosoma cruzi). Lyme dis¬ 
ease, acute renal failure, rheumatic fever, lupus, and drugs such as doxorubi¬ 
cin may also cause myocarditis. 

Presentation 

Patients may present with any of the following: Chest pain, edema, and 
breathlessness from congestive heart failure (CHK); palpitations from arrhyth¬ 
mias, fever, diarrhea, and fatigue due to viral illness; a muffled SI, an S3, and 
MR murmur. 

Diagnosis 

ECG shows diffuse T-wavc inversions and ST-segmcnt elevations, which 
can mimic an Ml or pericarditis. Biopsy is the gold standard, demonstrating 
edematous myocardial interstitium with lymphocytic infiltrate. CK-MR and 
troponin may also be elevated. 

Treatment 

Supportive therapy for acute heart failure using diuretics, ACE inhibitors, or 
nitrates is often beneficial. Viral myocarditis requires symptomatic treatment 
such as NSAlDs for inflammation and diuretics for ventricular failure. Bacte¬ 
rial myocarditis requires antibiotics. 


ENDOCARDITIS 


Endocarditis is an inflammation of the lining of the heart and heart valves. 

Infective Endocarditis 

The heart valves arc avascular; therefore, if bacteria adhere, WBCs cannot be 
recruited to the area. Endocarditis can be acute or subacute. 

Acute infective endocarditis usually affects normal heart valves and is must 
often caused by S. aureus or !V drug abuse because of the ability of S. aureus 
to colonize normal valves. 

Subac ute infective endocarditis usually colonizes a previously damaged valve 
(after oral surgery or poor dentition). It is most often caused by Streptococcus 
v in da ns (sec Tabic 1-22). 













table 1 -22. Bacterial Causes of Endocarditis 


Risk Factor/Presenting Factor 

lnnliiliHtinniiiUBii^^^^^pitanaHininu 

Bacteria to Consider 

Prosthetic device 

Staphylococcus epidermidts 

Colon cancer 

Streptococcus bovis 

Dental procedure 

Streptococcus viridans 

G1 surgery 

Enterococcus 

Total parenteral nutrition 

Fungal 

Alcoholics or the homeless 

Bartonella henselae 

Fastidious and culture negative HACEK organisms 


HACEK = Haemophilus, Actinabaallus, Cardiobocterium, Eikenelta, 
and Kingelfa, 


Presentation 

Kever, chills, weight loss, systemic emboli, petechiae, Janeway s lesions (pain¬ 
less peripheral hemorrhages on the palms and soles). Osier's nodes (small, 
painful subcutaneous nodules on the fingers and Iocs), splinter hemorrhages 
(linear streaks under the fingernails and toenails), Roth's spots (retinal seed¬ 
ing), and valvular involvement (mitral > aortic > tricuspid). 

Diagnosis 

Duke criteria include positive serial blood cultures, prior endocardial involve¬ 
ment, IV drug use, lever, vascular or immune phenomena, and valvular 
lesions on echocardiography. 

Treatment 

1\ antibiotics targeted to the specific organism, kor acute endocarditis, start 
antibiotics empirically—nafeillin and gentamicin provide good coverage, 
for subacute endocarditis, obtain blood cultures before starting antibiotics. 
Choices include ampieilliu 4- gentamicin for native valves, and vancomycin, 
gentamicin, and rifampin fur prosthetic valves. 

Marantic Endocarditis 

Nonbaeterial endocarditis (nunbaclcrml thrombotic endocarditis; NBTK) 
occurs when small, sterile fibrin vegetations deposit on the heart valves of 
people with debilitating disease. This is a paraneoplastic syndrome whereby 
mucin-secreting tumors (usually of the colon or pancreas) cause disease in 
which mucin seeds the heart valves, yielding a platelet-sticky nidus of infec¬ 
tion. A major complication is sterile peripheral emboli, which can lead to 
cerebral infarct. Marantic endocarditis has a poor prognosis, 

Libman-Sacks Endocarditis (LSE) 

I iibman-Sacks endocarditis is auloantibody damage to the heart valves from 
systemic lupus erythematosus. Sterile vegetations form on both sides of the 
heart valves. Often the patient is asymptomatic, but the condition can he 
picked up by the presence of a heart murmur. 



KEY FACT 

1 _ 


Staphylococcus epidermidts 

mostly affects prosthetic valves 
within the first 6 months. After that, 

S. aureus and S, viridans are the 

mosi likdy culprits. 




MNEMONIC 


Roth's Retina. Osfer's 'Ouch" 
(signifying tender finger pads), 
Janeway's hands and Splinter in 
your finger 



Sl.E can lead to antiphospholipid 
syndrome, which causes a 
bypercoagulable state. Suspect if 
a patient's history rs significant for 
multiple spontaneous abortions. 




MNEMONIC 


ISE is caused by SLE . 
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FLASH BACK 


Vitamin 0, also leads to beihbeii 
(see as Berl-BerT). 


Carcinoid Syndrome 

Carcinoid tumors release an increased amount of serotonin* which leads to 
thickening, contraction, and decreased mobility of the right-sided valves, as 
well as blood vessel dilation. The lefi side of the heart is protected by sero¬ 
tonin inactivation in the lungs. The difference between carcinoid syndrome 
and carcinoid tumors is as follows: 

Carcinoid syndrome is a group of symptoms associated with carcinoid 
tumor. I Is origin is most commonly in the terminal ileum and ihe tumor 
is large enough to cause systemic effects such as abdominal pain, flushing, 
diarrhea* and wheezing* 

Carcinoid tumor is most commonly found in the appendix, but in general 
the tumor is too small to be symptomatic. 

Diagnosis 

Serotonin metabolite, 5-hydroxindoIeacetic acid (5-HIAA) levels in the urine 
are elevated. CT, MR1, and indium-111 pentetreolide scan (OctreoScan) are 
all also used in diagnosis* 



FLASH BACK 


Chagas' disease is caused by t 
cruzi , which is transmitted by the 
reduviid bug, 


Treatment 

Surgery to remove the tumor is often first-tine treatment. Octreotide (San- 
dostatm) injections can be used in those patients in whom surgery is not an 
option* 


CARDIOMYOPATHIES 


See Tabic 1-23, 


IfX 

CLINICAL 

V 

CORRELATION 


Complications of dilated 
cardiomyopathy include cardiac 
arrhythmias, mural thrombi, CHF, 
bundle-branch blocks, and death. 


Diiated/Congestive 

The diluted variant represents approximately 90% of nonischemic cardio¬ 
myopathies* Echocardiography often reveals four-chamber enlargement. 

Etiologies include: idiopathic (most common), alcohol, thiamine deficiency, 
coxsackievirus B* Chagas’ disease, HIV, cocaine, doxorubicin, Lyme disease, 
sarcoidosis, hypothyroidism, Wegeners granulomatosis, acromegaly, and peri- 
part in n cardiomyopathy. 


TABLE 1-23* 

Cardiomyopathies 



Dilated 

Hypertrophic 

Restrictive 

Etiology 

Idiopathic ethanol 
coxsackievirus S, 
cocaine* Chagas 1 disease, 
peri part urn 

Autosomal dominant 

Senile/primary 
amyloidosis, 
sarcoidosis* Loeffler's 
endo myocarditis 

Clinical 

presentation 

i EF and fatigue, 

cardiomegaty* dyspnea 

Dyspnea* angina, 54* 

syncope 

Peripheral edema* 
dyspnea* ascites, JVD 

Special notes 

Most common form on 

chest x-ray: balloon heart 

Young athletes' 
chest x-ray: banana¬ 
shaped IV 

Ml uiiamiiwiMiifi rrr| imHI 1 i tmri 1 Mil 
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CARDIOVASCULAR | 
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Presentation 

Can present as right or left heart failure. Decreased EF, jugular venous disten¬ 
sion, edema, orthopnea, hepatomegaly, or cardinmegaly 

DIAGNOSIS 

X-ray shows nn enlarged cardiac silhouette with pulmonary congestion. 
Echocardiography is the key diagnostic study and shows a dilated LV and 
decreased EF. 

Treatment 

Similar to treatment of CNF: Digitalis, (5-blockers, ACE inhibitors, ARBs, 
diuretics, vasodilators, or heart transplantation. Anticoagulatiun is used to pre¬ 
vent emboli. 

Hypertrophic Cardiomyopathy (HCM) 

h is usually an autosomal-dominant disorder in which asymmetric septal 
hvpertrophv causes a decrease in LV compliance and diastolic dysfunction. 
Blond flows at an increased velocity over the hypertrophied septum, creating 
negative pressure which draws the anterior mitral leaflet into the outflow tract 
causing subaortic obstruction to outflow via the Venturi effect. HCM can lead 
to sudden cardiac death seen in some young athletes. 

Presentation 

Syncope* dyspnea, S4 cardiac gallop due to an atrial kick into the noncompli- 
uul ventricle, cardiomegaly secondary to aberrant fibers in the myocardium, 
systolic murmur of MV regurgitation, and pain relieved by squatting and exac¬ 
erbated by strenuous exercise. 

Diagnosis 

The x-ray shows a dilated LA, Echocardiography is normally used for diagnosis 
and show's asymmetric hypertrophy, mitral valve regurgitation, and diastolic 
dysfunction. 

Treatment 

The goal is to maintain ventricular filling in order to prevent obstruct ion. 
p-Bloekers and calcium channel blockers arc often used to slow the MR and 
increase diastolic filling time, as well as decrease myocardial (L consumption. 
Implantable cardioverter defibrillators (ICDs) are often implanted in high-risk 
patients to prevent sudden cardiac death. 

Restrictive Cardiomyopathy 

The least common type of cardiomyopathy. !l is caused by diseases that infil¬ 
trate the myocardium to impede diastolic filling of the heart. Common causes 
include sarcoidosis, amyloidosis, hemochromatosis, Loefflerx endomyocnrdh 
fis (most common worldwide), endocardial fibroelastosis (children), post- 
radiation fibrosis, glycogen storage diseases (Pompes disease), inborn errors of 
metabolism (Fabry s disease, Gaucher s disease), and scleroderma. 

Presentation 

Dyspnea, weakness, exercise intolerance, peripheral edema, ascites, JVD, S4 
gallop, pulsus paradoxus, Cl IE, and arrhythmias from conduction defects. 



KEY FACT 


Hypertrophic cardiomyopathy is the 
most common cause of sudden 
unexplained death in young athletes. 


KEY FACT 


Any maneuver that decreases 
end-diastolic volume will increase 
the murmur heard in hypenropbie 
cardiomyopathy because the 
decreased volume leads to a 
decreased chamber size and 
increased obstruction. Examples 
include the Valsalva maneuver, 
exercise, and amyl nitrate. MVP has 
the same characteristics. 



KEY FACT 


Primary amyloidosis is a disorder in 
which amyloid light chain protein 
fibers are deposited in tissues and 
organs, impeding their function. 
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KEY FACT 


Loeffler's endocarditis is usually seen 
in young male immigrants from the 
rain forests of Africa, Asia, and South 
America. Treatment is symptomatic 



KEY FACT 
I __ 


An S3 heart sound is caused 
by vibration and turbulence as 
Wood fills a ventricle that already 
lias excess fluid due to systolic 
dysfunction. 


z 


KEY FACT 


Cor pulmonale is an alteration of 
the structure and function of the 
right side of the Heart secondary to 
chronic lung disorders, resulting in 
pulmonary arterial hypertension. 


Diagnosis 

X-ray shows mild cardiomcgaly. Echocardiography shows thickening of car¬ 
diac sin id i ires. 

Treatment 

t here is no effective therapy except lo treat the underlying disease* I (cart 
transplantation is an option. 


CONGESTIVE HEART FAILURE 


CHI is defined as the inability of the heart to generate a sufficient cardiac 
output to meet the metabolic demands nt the body. It is a syndrome or diagno¬ 
sis, not a specific disease. Heart failure can be the final manifestation of most 
cardiac disease, from hypertension to cardiomyopathy. There is an increasing 
incidence in the United States due to the growing aging population and pro¬ 
longed survival after cardiac insults. Cl IK is usually attributed to left heart fail¬ 
ure; however, left and right heart failure often occurs concurrently, 

Left-Sided Heart Failure 

There are two major causes of left-sided heart failure: Systolic dysfunction due 
to impaired eon tract i lily and/or increased afterload, or diastolic dysfunction 
due to impaired ventricular filling, relaxation, nr compliance (see Table 1-24), 

Presentation 

Patients typically present with dyspnea on exertion, orthopnea, paroxysmal 
nocturnal dyspnea, pulmonary edema, reduced renal perfusion, and an 
heart sound. Most of these are due to failure of LV output and increased pul¬ 
monary venous pressure. 

Microscopically, intra-alveolar hemosiderin-laden macrophages (heart failure 
cells), alveolar edema, and cardiac monocyte hypertrophy are seen. Compli¬ 
cations include pulmonary congestion, cardiogenic shock, and hvperaldoster- 
nnism secondary to RAAS activation. 


TABLE 1-24, Etiology of Left-Sided Heart Failure 


llliliimfHiiuiiiitiiuiJ.il 1 

Systolic Dysfunction Diastolic Dysfunction 


M ■ ■ ■■ ■ ■ IM 1 1 M1-1 UMHIflfl Ml pit! ■ Mitl ■ ■ B ■ 1 

Impaired Contractility 

Increased Afterloao 

Ventricular 

Relaxation 

Impaired Ventricular 

Filling 

Etiologies 

Myocardial infarction 

Hypertension 

Ventricular hypertrophy 

Mitral stenosis 


Myocardial disease 

Aortic stenosis 

Cardiomyopathy 

Tamponade 


Myocardial ischemia 

Volume overload, mitral or aortic 
regurgitation 

Hypertrophic 

cardiomyopathy 

Myocardial ischemia 

Pericardial constriction 


Signs and Dyspnea, orthopnea, fatigue, palpitations, ascites, S3 gallop Filling defect with increased or normal ejection 

symptoms fraction; S4 gallop, edema, hepatomegaly 

mull I millniiiiimiiiHmimniminmimiiiiiimiiiiimimimnNil munm iimnni iniiiniiiiiimmmimii! i iih mum ill iHifiinwB*»iH mu .pi! 111Mimm 
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figure 1*44* Nutmeg liver* The congested centrilobular veins which are surrounded by 
j paler region seen in the liver on the left look similar to the inside of a nutmeg, seen on the 
right, hence the name nutmeg liver* (Image courtesy of TKIR Digital 1 ,ibr;m Ihttp://peir.nell*) 


Treatment 

Acute treatment involves relieving dyspnea ant! congestion with Q r , diuretics, 
nitrates* and morphine. Long-term management includes counteracting rise 
in hormone levels with p-blockcrs, ACE inhibitors, and ARBs* 

Right-Sided Heart Failure 

The most common cause of right-sided heart failure is left-sided heart failure. 
Other causes include cor pulmonale and pulmonary or tricuspid valve disease* 

Presentation 

Patients usually present with splenomegaly* hepatomegaly/ascites (“nutmeg” 
liver), edema* and jugular venous distention. Renal hypoxia as well as right¬ 
sided pump failure leads lo fluid retention clinically seen as pitting edema 
(first in the ankles), pleural effusions, and ascites (see Figures 1*44 and 1-45), 

Complications include cardiac cirrhosis due to long-standing congestion, 

Treatment 

Involves ACE inhibitors, which decrease afterload and prevent aldostcr- 
onc-iMediated salt and water retention* ACE inhibitors have been shown to 
decrease mortality in CFIF patients. Diuretics are also a mainstay in CHF 
treatment by preventing volume overloading. Digoxin is not used* as the EF 
in diastolic dysfunction is normal* 


ANEURYSMS 


Aneurysms are congenital or acquired abnormal dilatations of either an arten 
or vein due to weakness of the v essel wall* There are many tvpes of aneurysms 
(discussed below)* Complications of aneurysms include thrombus formation, 
erosion into nearby structures* and rupture leading to hypotension, shock, or 
death. 



KEY FACT 


"Nutmeg" liver refers to congestion 
of the centrilobular veins surrounded 
by a paler region, 



KEY FACT 


Angiotensin receptor blockers are 
similar to ACE inhibitors in their 
effects; however, ihey do not 
increase bradykinin levels as do ACE 
inhibitors and thus do not have the 
side effect of dry cough. 




MNEMONIC 


To remember the treatments of acute 
decompensated CHF think: 

L: Lasix (furosemide) 

M: Morphine 
N: Nitrates 
0 : 0 } 

P: Position (better to sit up) 
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FIGURE 1*45. Pathophysiology of CHF. 



FLASH BACK 


Primary syphilis presents with a 
painless, hard chancre. Secondary 
syphilis presents with condylomata 
lata, low-grade fever, and 
lympliadenopathy. Tertiary syphilis 
presents with aortic insufficiency 
and Argyll Robertson pupils (pupils 
accommodate but do not react). 


Atherosclerotic Aneurysms 

Pathogenically caused by atheroma formation leading to weakening of the 
media. I Jsually due to atherosclerotic disease or coronary artery disease (GAD) 
and associated with hypertension. The most common location for these aneu¬ 
rysms is the abdominal aorta between the renal arteries and iliac bifurcation 
(infrarcnal = comparatively fewer vasa vasomin). 

Syphilitic Aneurysms 

Syphilis is a STD that has primary, secondary, and tertian stages. Seen in the 
tertiary stage, syphilitic aortitis is characterized by medial necrosis and oblit¬ 
erative endarteritis of the vasa vasomm, creating a functional deficit similar 
to atherosclerotic aneurysm. Usually involves I he ascending aorta and aortic 
root. Involvement of the AbV can lead to aortic insufficiency, 



FIGURE T - 4 6. Circle of Willis, Note the two aneurysm* demarcated white. (Image cour¬ 
tesy of PFJR Digital ! jbrary |htlp://pdr.nct],) 



























figure 1-47. Dissection. A dissection occurs between the in lima and media of a vessel. 


Berry Aneurysms 

These tire small, congenital, saccular lesions seen most often in the circle of 
Willis. Although not present at hirth, these lesions develop at congenital sites 
of medial weakness at I he bifurcations of cerebral arteries. They are asso¬ 
ciated with polycystic kidney disease and rapture can lead to subarachnoid 
hemorrhage (see Figure 1-46). 


1 


KEY FACT 


A patient with a subarachnoid 
hemorrhage presents with Jl the 
worst headache of my life" 


Dissecting Aneurysms 

Luminal blood dissects llic medial layers through a longitudinal intimal tear 
usually found in the ascending aorta. Often this is due to cystic medial necro¬ 
sis, in which there is degeneration of elastic tissue and muscle in the tunica 
media* Predisposing factors include hypertension or Marfan's syndrome* 
Patients present with a severe tearing pain (dissection), which can result in 
proximal aortic rupture leading to cardiac tamponade {see Figure 1-47)* 


Mycotic Aneurysms 

Usually due to bacterial infection (most often Salmonella) involving the 
abdominal aorta. 


Microaneurysms 

These arc small aneurysms usually seen in diabetes and hypertension* 

Arteriovenous Fistula 

Hi is is an abnormal communication between an artery and a vein, usually 
secondary' to trauma. The diversion of blood can result in ischemic changes, 
increased venous pressure leads to aneurysm formation, and hypervolemia 
leading to high-output cardiac failure* 


RHEUMATIC FEVER 


KEY FACT 


Erythema marginatum is seen 
as nonpruritic, serpiginous, 
erythematous rings on the patient's 
trunk and extremity, usually sparing 
the face. 



KEY FACT 


Rheumatic fever is a multisystem inflammatory disease that may occur follow- Sydenham's chorea is an involuntary, 
ing pharyngeal infection with group A [3-hemolytic streptococci. It usually purposeless contraction of the trunk 
affects children aged 5-10 years. It lias been postulated that the streptococcal muscles and extremities, 
antigens elicit antibody production that cross-reacts with cardiac antigens. „. , ,._l_ ,, 



















MNEMONIC 


TABLE 1-25, Jones Criteria 


Group A STREP also causes rheumatic 
fever: 

Sydenham's chorea 
Transient migratory arthritis 
Rheumatic subcutaneous nodules 
Erythema marginatum 
Pancarditis 




MNEMONIC 


JONES PEACE. 


Major Criteria 

ill iiirtu uiTrixiniAcMNttM«*MU»fn4iitf ttmurim 

Minor Criteria 

Migratory polyarthritis 

Arthralgia (most common) 

Carditis 

Fever 

Subcutaneous nodules 

High ESR/CRP 

Erythema marginatum 

Long PR interval 

Syn den ham's chorea 

ASO titer 


High WBC count 


Anemia 

--- - 

HAiujMMrnttfmrwnTiirtriTfni ■, ,uwvmmmm mull 


Two major criteria or one major and two minor criteria are 
needed for diagnosis. 


Major criteria: 

Joints: migratory arthritis 
Carditis: new-Onset murmur 
Nodules, subcutaneous: extensor 
surfaces 

Erythema marginatum 
Sydenham's chorea 
Minor criteria: 

PR interval, prolonged 
ESR elevated 
Arthralgias 
CRP elevated 

Elevated temperature (fever) 


Presentation 

Classical]}; patients complain of a pharyngeal infection 1-4 weeks prior, and 
present w ith symptoms from the (ones criteria (see Table 1-25 and Figure 1-4S). 

Acute Rheumatic Heart Disease 

The most serious complication of rheumatic fever. Ii can he divided into: 
Fibrinous pericarditis. 

Myocarditis (Aschoffs bodies) focal interstitial myocardial inflammation 
in which collagen and fibrinoid material are surrounded by macrophages 
(Anitschkow's cells), lymphocytes, plasma cells, and niiillnindented giant 
cells (Aschoffs cells) (see Figure 1-49), 



FIGURE t ■ 4 a , Rheumatic subcutaneous nodules often seen on the extensor surface. (Reproduced, \\ illi permission, from South¬ 
land JK, Vliilhem SO. Lt’wis Kl., Current Dftignosrs C? Treatment in Family Medicine, New York: \1eCr;ivv44itl, 2004: 2iS0j 
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FIGURE 1-49. Acute rheumatic heart disease. Note il le typical mullin'ideated AscliuflT cells, 
which aic modified histiocytes. An Aschoff IxkIv is an area of fibrinoid necrosis surrounded by lynv 
phocytcs and macrophages, (Camrtcsy of (). Rainbo as printed in McPhee SJ. Pap;idalus MA. Tier¬ 
ney Jr. LV1, Current \ledicat Diagnosis C* Treatment 2008, 47th ed t New York: Met iraw-Hilt, 2008.1 


Kndoeurdilis: 'I lie valve leaflcls become red and swollen and small verrn- 
cac (rubbery fibrin vegetal ions) form along the lines of closure. Eventual l\ 
the valves become fibmtie, thickened, and calcified. Valvular disease can 
lead to either insufficiency or stenosis. Most often affected are the mitral 
and AoVs since they see the greatest pressure gradient. 

Chronic Rheumatic Heart Disease 

Mitral and aortic valvular fibrosis causes valve thickening and calcifications, 
fusion of commissures, and short v thick chordae tendineac. The chronic form 
can lead to mitral stenosis (MS), MR. aortic regurgitation, and CHI'. It can 
also predispose to infectious endocarditis. 

Diagnosis 

Usually made though clinical suspicion and Fulfill mg the Jones criteria. A 
positive streptococcal antibody test can verify prior infection and echocardiog¬ 
raphy can help in. diagnosing CY problems. 



KEY FACT 


Aschoffs bodies contain both 
Aschoffs cells and Anitschkow's 
cells. 



KEY FACT 

1 _ 


Myocarditis leading to cardiac 
failure is a cause of death in acute 
rheumatic fever. 


Treatment 

Symptomatic and involves: 

‘Treatment of group A streptococci with penicillin 
Use of steroids or salicylates for pain and inflammation 
Digitalis for heart failure 
I biloperido! for Sydenham s chorea 


t! 
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CHAPTER 



CLINICAL 

CORRELATION 


The murmur of mitral valve ptolapse 
(MVP), often seen in patients 
with Marfan's and young women, 
is exaggerated by the Valsalva 
maneuver Endocarditis prophylaxis 
is used pnor to dental procedures in 
these patients. 


CLINICAL 

CORRELATION 


An S3 occurs in early diastole and 
implies volume overload in older 
adults. It can be normal in children 
and young adults- 



KEY FACT 


An S3 occurs in early diastole and 
implies volume overload in older 
adults. It can be normal in children 
and young adults* 



CLINICAL 

CORRELATION 


Tricuspid regurgitation is a blowing 
holosystolic murmur heard at the left 
lower sternal border that increases 
with inspiration due to the increase 
in venous return to the right side of 
the heart. 


HEART MURMURS 


Murmurs are normally generated by turbulent blood flow. If ill ere arc hemo¬ 
dynamic or structural changes in the heart, laminar flow may become turbu¬ 
lent. tints creating n heart sound. The most common hemodynamic or struc¬ 
tural changes that occur to the heart arc increased flow, decreased valvular 
area, regurgitation, dilated chambers, and shunting. ! leart sounds arc auscul¬ 
tated in four places on the anterior chest wall (see Figure 1-50). 

Murmurs can be divided into three groups (see Table 1-26): Systolic (between 
SI and S2), diastolic (between S2 and SI k and continuous (throughout the 
cycle or between S I and the next S]). 

Mitral Regurgitation (MR) 

Insufficicncv of the mitral valve allows for backflow of blood from the LV into 
the LA. Acute causes of MR include papillary muscle rupture, endocarditis, 
or ruptured chordae lendincae. Chronic causes include rheumatic heart dis¬ 
ease. ischemic cardiomyopathy, dilated cardiomyopathy, hypertrophic cardio¬ 
myopathy, MVP, endocardial fibroelastosis, or endocarditis. 

Presentation 

Clinically patients can present with LV failure (dyspnea, orthopnea) and 
dilated IA due to increased volume. Chronic disease can lead to right-sided 
failure (edema or ascites). 

On physical examination, an S3 and a holosystolic, high pitched, blowing 
murmur arc heard best at the apex, radiating toward the left axilla, t he mur¬ 
mur i* holosystniic since LV pressure is always greater than IA pressure in 
systole. The increased flow in the t A can lead to increased LA pressure and 
pulmonary edema (see Figure 1-51). 

Diagnosis 

LOG changes include LV hypertrophy and LA enlargement. Echocardiogra¬ 
phy shows LA and LV enlargement. 

Treatment 

The goal is to increase forward flow and decrease pulmonary venous hyperten¬ 
sion. Medical ions include diuretics, ACE inhibitors, and digitalis. MV repair 
or replacement is usually required for symptomatic severe MR. 


2^-3* Right intercostal area 
(aortic area) 


4 lf, -S ir * Rig hi intercostal area 
(tricuspid area) 



FIGURE 1 * 50 . Cardiac physical examination areas. 















TABLE T - 2 6 . Classification of Murmurs 


iiimm 


Con- 

Systolic Diastolic tinuous 


Ejection 

Holosystouc 

unriThiii piiuihi ■ i mi ■ luuiifHfifflfrniim i m 1i iimuitii 

Late Systolic Early 

JWUmiH.'ni iinTtrmlii mil i lull 1 1 pinltimir 

Late 

Aortic 

stenosis 

MR 

MVP 

Aortic 

regurgitation 

Mitral PDA 

stenosis 

Pulmonic 

Tricuspid 

HGM 

Pulmonic 

Tricuspid 

stenosis 

regurgitation 


regurgitation 

stenosis 


VSD 

wtmrfratHftrrmjnmif ri i mnjiiHliniiJiMiiiwii»HMPH 



Aortic Stenosis (AS) 

Usually due to thickening and calcification of the valves with age, rheumatic 
heart disease, or it can be due to congenital bicuspid valves* 


Presentation 

Patients can have angina, syncope, or dyspnea from CHR 
Crescendo^decresccndo systolic ejection murmur that begins shortly after 
flic SI heart sound. The small gap between the end of SI and the begin¬ 
ning of the murmur corresponds to the isovolumic contraction phase of the 
LV in which both the mitral and An Vs are closed. Once the AoV opens, 
the murmur intensifies as the LV pressure increases (crescendo) and then 
subsides as the LV relaxes (dccrescendo). The high-frequency murmur is 
best heard in the aortic area and usually radiates to the carotids (in the 
direction of turbulent blood flow) (see Figures 1-52 and l-5>). 

Weak and delayed pulse at the jugular vein due to stenosis (pulsus parvus 
et tardus)* 

Diagnosis 

Lcbocardiograpliy shows thickened AoV with decreased systolic opening and 

LV hypertrophy* 

Treatment 

Surgical correction or balloon valvuloplasty. Endocarditis prophylaxis is 

necessary. 


r*] 


MNEMONIC 


Aortic Stenosis Complications: 

Angina 

Syncope 

CNF 


CLINICAL 

CORRELATION 


Pulmonic stenosis is also a systolic 
ejection murmur that can radiate 
to the neck or shoulder and is 
loudest in the second and third right 
intercostal space. 



figure I - 5 I * Mitral regurgitation. Note tlit- holmysiolie murmur followed In an 
heart sound. 


























A single ventricular chamber is 
divided into two chambers between 
the fourth and eighth weeks of 
gestation as muscle tissue forms 
from the apex to the cushion. 




Left-to-right shunting can lead to 
increased pulmonary and right 
atrial pressure, which can cause 
a right-to-left shunt This is called 
Eisenmenger's syndrome. 


F \ c U R E 1-52. Aortic stenosis. Notice the crescentlo-dtcTCHvmlo pattern that is due to 
blued being forced ihrmtgh I he narrowed AoV 

Ventricular Septal Defect (VSD) 

A developmental defect in the interventricular septum that allows the two 
ventricles to communicate. VSDs must often occur in the membranous intra¬ 
ventricular septum. 

Presentation 

A defect in this septum leads to left-lo-right shunting of blood, which can lead 
to increased pulmonary blood flow and pulmonary artery pressure. As a con¬ 
genital defect, it is most often found in infants who present with a harsh sys¬ 
tolic murmur, fatigue with feeding, poor growth, and respiratory infections. 




The VSH murmur is a harsh, nonradiating holosystolic murmur best heard at 
the fourth and fifth intercostal area. The smaller the VSD, the more turbulent 
the flow through it, resulting in a louder murmur over the entire prccordium. 
Extremely large VSDs may be entirely silent (see Figure 1-54). 




A single ventricular chamber is 
divided into two chambers between 
the fourth and eighth weeks of 
gestation as muscle tissue forms 
from the apex to the cushion. 




Left-to-right shunting can lead to 
increased pulmonary and right 
atrial pressure, which can cause 
a right-to-left shunt This is called 
Eisenmenger's syndrome. 
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ECG 



FIGURE 1-53. Aortic stenosis pressure tracing. I It re it can he scat llt.il left ventricular 
pressure is greater than aortic pressure throughout the systolic cycle. This increase in pressure 
is due to aortic stenosis, The shaded area is the pressure gradient lx 1 tween the I V and the aorta. 
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FIGURE t - 5 4 . VSD. 


Treatment 

Surgical correction of tlie defect 

Mitral Valve Prolapse (MVP) 

A common syndrome that affects up lo 7 % of women aged H-3U years. Often 
called floppy valve disease, it occurs when the MV leaflets do not close prop* 
erly and billow into the LA during ventricular systole, ll can be an autosomal- 
dominant disorder or acquired as pari of a connective tissue disorder. The nor¬ 
mal collagen and clast in are replaced by myxomatous connective tissue. 

Presentation 

Usually asymptomatic; however, it can cause chest pain, palpitations, 
labored breathing, or fatigue. The murmur heard in MVP is a late systolic 
murmur preceded by a mklsyStolic click that corresponds to the tensing of 
the mitral leaflet/chordae tendineae as ihev are forced into the LA. The 
murmur corresponds to the regurgitation of blood from the LA 7 into the LA 
(see Figure 1-55). 

The Valsalva maneuver decreases preload, while squatting increases preload. 

Any maneuver that decreases the volume of the LV, such as Valsalva or stand¬ 
ing, will allow the prolapse to occur sooner, causing an increase in the inten¬ 
sity of llie murmur. Squatting, which will increase venous return, will increase 
ventricular volume, helping to maintain tension on the chordea tendineae 
and allow the valve to stay shut longer, thus causing a decrease in the inten¬ 
sity of the murmur. 
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KEY FACT 


Connective tissue disorders 
such as Marfan's syndrome, 5LE, 
the mucopolysaccharidoses, 
hypothyroidism, and Ehters-Danlos 
syndrome can present with MVR 



CLINICAL 

CORRELATION 


MVP and hypertrophic 
cardiomyopathy are the only 
two murmurs with this paradoxic 
relationship, All other murmurs 
increase in intensity with increased 
preload (squatting) and decrease 
in intensity with decreased preload 
(Valsalva). 


Diagnosis 

Doppler echocardiography can show systolic displacement of the mitral 
leaflets. 

Treatment 

hndocarditis prophylaxis and (J-blackers for chest pain or arrhythmias. Surgi¬ 
cal treatment is rare. 



CLINICAL 

CORRELATION 


Often patients with MVP require 
antibiotic prophylaxis prior to surgical 
or dental procedures to prevent 
endocarditis. 



figure 1-55, MVP. Nolice the mid-systolic click dial precedes the systolic murmur. 
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Aortic Valve Regurgitation (AR) 

Allows backflow of blood from the aorta into ihc LV during diastole. It can be 
due to rheumatic heart disease, infectious endocarditis, bicuspid valves* aortic 
dissection, hypertension, syphilis, or Marfan's syndrome. Regurgitation occurs 
during diastole, increasing the amount of blood the LV pumps out i n the next 
cycle. 


PRESENTATION 

Patients typically present with: 

Dyspnea on exertion 

Angina due to shorter diastole and decreased coronary artery filling 
Fatigue 

Wide pulse pressures 

$5 and an early diastolic decrescendo murmur heard best at the second 
left intercostal space (see Figure 1-56) 

Austin Flint murmur, a mid-diastolic, low-pitched rumbling that occurs 
when the regurgitated blood bits the MV leaflet in diastole, preventing an 
opening snap (differentiating AR from MS) 


CLINICAL 

CORRELATION 


AR patients can have a Corrigan's 
pulse, Le +r a water-hammer pulse 
over the carotid with marked 
distention and collapse 



KEY FACT 


AR —> increased LV volume —» increased LV diastolic pressure —> increased 
LA and pulmonary pressure pul tnonary edema. 

Chronic AR leads to LV dilatation. This dilatation allows the LV to accommo¬ 
date more aortic regurgitation without further increases in diastolic pressure. 
The increase in LV systolic pressure without a concomitant increase in aortic 
diastolic pressure leads to a widened pulse pressure. 

Diagnosis 

Kchocardiognipliy showing a dilated LV and aorlaund aortic regurgitant flow. 
Regurgitation can cause a “pseudqvalvc” or "bird's-ncsl deformity'* on the ven¬ 
tricular septum on pathologic examination. 


Pulmonic regurgitation is usually due 
to pulmonary artery hypertension. It 
is also a decrescendo murmur and 
is heard best in the pulmonic area 
of the heart. 


Treatment 

The goal is afterload reduclion with ACK inhibitors and vasodilators. DiurcL 
ics and digitalis are also used. Valve replacement can help if EF decreases or 
symptoms develop. 


Mitral Stenosis 

Almost always due to rheumatic heart disease causing commissural fusion. 
Other causes, such as endocarditis with large vegetations and calcifications in 
the elderly, have also been noted as etiologies. 


Presentation 

lire stenotic obstruction in MS impedes LA emptying and leads to a pressure 
gradient between the LA and LV during diastole. Clinically; patients present 
with dyspnea, fatigue, and orthopnea. The characteristic murmur of MS is 


si 


S2 


Si 



figure i -se. Aortic regurgitation. The murmur liasa clecresceiidushape became there 
is a rapid diastolic relaxation of the 1 A* and therefore a rapid pressure gradient is generated be- 
tween the high-pressure aorta and the low-pressure ventricle. 























S 2 OS SI 


FIGURE 1-57. MS. Tin- opening siuip is due to the sudden tensing of the stenotic valve 
and chordae tendineae upon opening. The deereseendo mimniir is caused by turbulent lion 
across the stenotic valve, '[lie late diastolic intensification of the murmur is attributed to LA 
contraction at the cud of diastole, which increases the pressure gradient between the LA and 
l,V. 


a high-pitched opening snap after S2 followed by a decrescendo murmur or 
rumble that intensifies at the end ol diastole and is best heard at the apex {see 
Figures 1-57 and 1-58). 

Diagnosis 

Echocardiography shows I hick MV leaflets and LA enlargement. I ICC shows 
P mitrale fan M-sl taped P wave) due loan enlarged atrium (see Figure 1-59). 


CLINICAL 

CORRELATION 


Tricuspid stenosis is better heard at 
the lower sternum and increases 
with inspiration. 


Treatment 

Usually involves diuretics and a stilt restricted diet. MV balloon commissuro¬ 
tomy or valve replacement can also be performed if needed. Never use ino- 
tropes because MS is not equivalent to ventricular failure. Treatment also 
includes warfarin, [i-blockers, and sttrgery/balloon vaivotomy. 




FIGURE 1-58, MS pressure tracing. This figure: ilhisl rales I lie difference in prawn re be¬ 
tween the LA ffid l V. Also evident is the incrcnsc in pressure ;it the end of diastole, due lo 1A 
contraction. This is whv there is a deerescendo-crescendo murmur associated with MS. 
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FIGURE I - s 9 1 P milrate. Note lUe M-diaped P wave due to an enlarged atrium that is 
often seen in mitral stenosis. 



Patent Ductus Arteriosus (PDA) 

A persistent communication between the aorta and the pulmnnan arlerv after 
birth. 


In patients with a PDA, think about 
congenital rubella and prematurity. A 
common complication is endarteritis 


Presentation 

CHF and late cyanosis arc often seen. Because the aortic pressure is always 
greater than pulmonary artery pressure in both diastole and systole, the 
machinery-like murmur is heard throughout the cardiac cvclc (see Figure 
1-60). 




MNEMONIC 


Keep open with PCE, PCF doses, 

E tor the ''Empty ' 1 hand when open 
and F for the "Fist" that's dosed. 


Diagnosis 

Doppler echocardiography. Clinically, the well-known machinerv-like mur¬ 
mur heard throughout systole and diastole hints at the diagnosis. 

Treatment 

[ndninethaciu is often used to close the PDA. 


See Table 1-27 fora summary of valvular murmurs. 


CARDIAC TUMORS 


Primary cardiac tumors arc very rare (more rare than secondary turnon) and 
include myxomas and rhabdomyomas. Most cardiac I moors arc metastatic 
from bronchogenic carcinoma, malignant melanoma, malignant lymphoma, 
and carcinoma of the pancreas and esophagus. 

Cardiac Myxoma 

The most common primal)' tumor in the adult. They are benign and found 
near the fossa ovalis in the LA in 90% of adults. They arise from endocar¬ 
dia! mesenchymal cells which proliferate and protrude into cardiac chambers. 
On microscopy, myxoma cells, endothelial cells, and smooth muscle cells arc 


Conlinuous murmur 



FIGURE 1 - 60 . PDA murmur Notice liotv l lie murmur span* hath diastole and m stole. 
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TABLE 1-27. Valvular Heart Disease 


Valvular Disease 

ii JJ FUNi 11 uu 11 umi 11 u Mil iJlilUitlHMIlHBBEBBvnim'ii mi mi un i 

Etiology 

Murmur 

MR 

Rheumatic heart disease, 

infective endocarditis, myxomatous 
degeneration, papillary muscle 
dysfunction, mitral valve prolapse, 
hypertrophic cardiomyopathy 

Hotosystolic blowing 
murmur radiating toward 
the apex 

Mil rat stenosis 

Rheumatic heart disease, 

calcification, endocarditis 

Late diastolic decrescendo 

rumble preceded by an 

opening snap 

MVP 

Connective tissue disorder, 

autosomal dominant 

Late systolic murmur 
preceded by a 

mid systolic dick 

Aortic regurgitation 

Rheumatic heart disease, syphilis. 
Marfan's syndrome, aortic aneurysm, 
bicuspid valve, endocarditis 

Early blowing 

decrescendo diastolic 

murmur 

Aortic stenosis 

Senile (thickening and calcification), 
bicuspid AoV 

C resce n do- decrescendo 
systolic ejection murmur 


'It! i UMttMKTftmmu um w* ituun rmu’imi mi iruiiiii mi i lujiuii i ji irmnmmi n j man 


found in u mullipoljmcchiiriclc background. Thct may cause tumor emboli 
or ball-valve obstruction and syncopal episodes as they act on the MVs (sec 
figure 1-61). 

Cardiac Rhabdomyoma 

'['he most common primary cardiac tumor in children. They usually arise 
within the myocardium and are associated with tuberous sclerosis. 




FLASH BACK 


Tuberous sclerosis in an autosomal- 
dominant disorder diagnosed in 
children that presents with cortical 
tubers, hamartomas, hypopigmented 
"ash-leaf skin lesions, renal 
angiomyolipomas, and cardiac 
rhabdomyomas. 


FIGURE 1 * 61 , Cardiac myxoma. This image shows a cardiac myxoma attached bv a small 
pedicle to llu lei I attial septum. The> are normally single* pedunculated* and polypoid. (Image 
courtesy nf'PKIK Digital Library [http://peiT.ndjJ 














VENOUS DISEASE 


Varicose Veins 

Varicose veins arc tortuous, dilated, superficial vessels lliai normally involve 
the lower extremities. More common in women, they are I bought lo result 
from increased intraluminal pressure, intrinsic weakness of the vessel wall, 
and/or congenital defects of the valves that impair forward flow lo the heart. 

Presentation 

Patients have a history of pregnancy, prolonged standing, or obesity. Manx 
people seek treatment for cosmetic reasons; however, symptoms include a 
dull aching pressure with long periods of standing, swelling and skin ulcer¬ 
ation from valvular dysfunction, and thrombosis and hematoma from stasis of 
blood. 

Treatment 

Treatment includes elevation of the legs, compression stockings to offset the 
increased venous hydrostatic pressure, and IV sclerosing agents. Surgical vein 
ligation and therapy is rare and only used in patients with symptomatic recur¬ 
rent thrombosis or ulcers. 



KEY FACT 


The most common place for a DVT 
to develop is in the calves; however, 
it may also form in the deep veins 
of the thigh. 


Deep Venous Thrombosis (DVT) 

Blood clots most often occur in the calf veins, although they can also affect 
the popliteal, femoral, or iliac veins. Risk factors are summarized in Virchows 
triad: Stasis of blood flow, vascular damage, and hypercoagulability (see Table 
1 - 28 ). 

Presentation 

Patients can be asymptomatic or present with calf or thigh discomfort, unilat¬ 
eral leg swelling, edema, erythema, and warmth or tenderness on palpation 
over the vein, Homans' sign or dorsiflexion of the foot producing calf pain is 
often tested hut unreliable. 


table 1 - 28 . Virchow's Triad 


Sign or Symptom 

Examples 

mmiumtiiHM, ■ up ■■injumru mi mini 111,111 mu liUiurttwiMg/iM» 

Pathogen esks 

Stasis/turbulence of blood 

flow 

Immobilization (cast applied for bone fracture may cover 
damaged vessels as well); inactivity (postsurgeiy, tong plane 
or car rides); hyperviscosity (polycythemia vera); turbulence 
(aneurysms) particularly common at the carotid bifurcation; 
deep sea diving (compression of legs and stasis) 

Disruption of laminar flow increasing 
platelet-endothelium contact; there is a 
build-up of coagulation factors 

Vascular damage 

Trauma, IV catheters, atherosclerosis 

Exposes collagen to increase von 
Willebrand Factor binding and initiate the 
clotting cascade; endothelial damage 
also prevents anti-thrombotic secretions 

HypercoagulabJe state 

Clotting disorders {anti*thrombin III deficiency, 
antiphospho lipid antibodies) high-estrogen states 
(pregnancy, oral contraceptives), smoking, neoplastic 
disease 

Malignancy involves necrotic tumor ceils 
which secrete thrornbogenic factors 
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Diagnosis 

Usually made through clinical judgment and laboratory testing. An increased 
D-dimer (fibrin degradation product) is sensitive but not specific. Venous 
duplex ultrasonography uses ultrasound and Doppler to assess blood How 
within the vein. This tesl is both sensitive and specific. The gold standard is 
angiography. 

Treatment 

'Hie main objective is to prevent complications such as pulmonary 1 embo¬ 
lism (PE) and post-thrombotic syndrome. Elevation of I he extremity helps 
reduce edema and anti coagulation with heparin is started to prevent throm¬ 
bus enlargement. For patients who cannot comply with anticoagulalion nr 
have medical conditions preventing anticoagulalion, an intravascular filter is 
placed in the 1VC to prevent emboli from traveling from the extranih to the 
lungs. 


EMBOLI 


An embolus is a mass composed of tumor, air, clot, or vegetation, which 
travels in the bloodstream and is eventually trapped within the vasculature. 
Thromboembolism refers to fragmented thrombi that are trapped in various 
parts of human vasculature. These arc the most common types of emboli; 
however, there are other forms such as fat emboli and gas emboli. 

Pulmonary Emboli 

Pulmonary emboli usually stem from a prior DVT that has fragmented, with 
small portions traveling through the [VC and into branches of the pulmonary 
artery. 

Presentation 

Often clinically silent, this diagnosis is frequently missed in the hospital set¬ 
ting. Patients can present with tachycardia, tachvpnea, dvspnea, hemoptysis, 
cough, and/or chest pain. 

Diagnosis 

Once clinically suspected, diagnostic tests include a V/Q scan in which lhere 
will be a ventilation-perfusion mismatch, spiral CT, pulmonary angiogram, or 
Doppler ultrasound. 

Treatment 

Options include auticoagufation therapy with heparin and warfarin or I VC 
filter placement to prevent future emboli. Thrombolytic therapy is also an 
option with substances such as tissue plasminogen activator or streptokinase; 
however, there is an increased risk of bleeding and stroke with thrombolytic*. 

Prognosis 

The majority of patients, if correctly diagnosed, have no sequelae. Obstruction 
of the pulmonary artery can lead to a hemorrhagic pulmonary infarction in 
which tlie patient presents with shortness of bream, hemoptysis, and pleuritic 
chest pain. Sudden death occurs in cases of a saddle embolus and a minor¬ 
ity of patients with multiple pulmonary emboli can have chronic puhuonan 
hypertension. 



KEY FACT 


PosMhrombatic syndrome results 
from vascular occlusion and 
results in persistent edema, skin 
pigmentation, pruritus, cellulitis, and 
purpura. 




FLASH BACK 


DVT risk factors are stated in 
Virchow's triad; Stasis of blood, 
hypercoagulability, and vascular 
damage. 


1 KEY FACT 


Red or hemorrhagic infarcts occur 
in tissues where there is collateral 
circulation such as lung intestine, 
or post-reperfusion. Pale infarcts 
occur in solid tissue with a single 
blood supply like the brain, kidney 
or spleen. 








Arterial Emboli 

An arterial embolus is a thromboembolism usually arising from mural 
thrombus. 



FLASH BACK 

h ___ _ _ 


Die three congenital heart defects 
that do not cause cyanosis: 


A5D 

VSD 

PDA 


Arterial emboli often cause infarction involving ihe brain (branches of 
the carotid artery), kidney (branches of the renal artery), and the intestine 
(branches of the mesenteric artery). Other sites affected include the spleen 
and lower extremities. 

Paradoxical Emboli 

Paradoxical emboli are venous emboli that cross over from the right side of 
the heart to the left side and access systemic circulation. Most common co¬ 
existing defeels arc ASPs or a patent foramen ovale (PRO). 


Fat Emboli 

Bone marrow particles and tatty tissue travel to the lungs, brain, and kidney fol¬ 
lowing severe long hone fractures (occurs 24-48 hours post-trauma). Patients 
present with petechiac, neurologic abnormalities, and pulmonary distress. 

Gas Emboli 

Caused by the introduction of air into the circulation; this is often seen in 
deep-sea divers who ascend from depth too rapidly Nitrogen bubbles precipi- 
lalc and block circulation, causing musculoskeletal pain also known as “llie 
bends,” 


Amniotic Fluid Emboli 

A complication of labor in which amniotic fluid leaks into maternal circula¬ 
tion following of maternal-fetal mixing, most commonly after trauma or pla- 
ccola abmptio. Complications include disseminated intravascular coagulation 
(80%) and death (20^0%). 


SHOCK 



KEY FACT 


Septic shock mimics an 
arteriovenous fistula (a high- 
flow state) because all arterioles 
are vasodilated, which leads to 
increased cardiac output. 


Shock is a state of generalized hypoperfusion of tissues and cells in which 0 2 
delivery cannot nice I () 7 demand. Initially the injur)' is reversible; however, as 
the hypoperfmivc state continues the injuries become permanent and lead to 
multiple organ dysfunction syndrome (MODS). MODS can follow any type 
of shock and frequently involves the lung, kklncv. heart, and liver (see Fables 
1-29 and 1-30). 


Presentation 

Patients usually present with tachycardia, oliguria, hypotension, weak pulses, 
mental stains changes, and cool extremities. 


Stages of Shock 

Compensation: Reflex mechanisms maintain perfusion of vital organs. 
These mechanisms include increased HR, increased peripheral resistance, 
release of catecholamines, and activation of the RAAS. 

Decompensation: Reflex mechanisms can no longer compensate, leading 
to tissue hypoperfusion, reversible tissue injury, and metabolic imbalance 
including metabolic acidosis and renal insufficiency. 
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TABLE 1-29. 

Types of Shock 


Types of Shock 

Pathophysiology 

Clinical Examples Treatment 

Hypovolemic 

Low circulating blood volume 

Hemorrhage, bums, vomiting, 
diarrhea, severe dehydration 

Replacement fluid and 
controlling fluid loss 

Cardiogenic 

Pump failure, often due to the LV 

Ml, arrhythmia, pulmonary 
embolism, cardiac tamponade 

IV inotropic agents to increase 
cardiac output, arterial 

vasodilators to reduce resistance 

Septic 

Bacterial infection endotoxin release 

-> nitric oxide release, alternate 
complement pathway activation -> 
polymorphonuclear leukocyte adherence 
to pulmonary capillaries multiple 
organ dysfunction syndrome -*tissue 
hypoxia 

Gram-negative septicemia, 

disseminated intravascular 

coagulation 

Fluid, vasopressors and 

antibiotics 

Neurogenic 

Severe trauma -t loss of sympathetic 
nervous system signals -> peripheral 

vasodilatation 

Trauma involving spinal cord, brain 
stem, or cerebral injury 

Fluid and vasopressors 

Anaphylactic 

Histamine release “4 increased venous 

capacitance 

uuiiiiii wminiimiBrimmimmnrawwrmiiwMBimffriTiiiiiiniMiiii 

Type 1 hypersensitivity reaction Epinephrine and securing the 

airway 


Irreversible 

Organ damage, organ failure, and irreversible tissue injury ultimately leading 
to death 

Pathology 

Kidney: Acute tubular necrosis, oliguria 

Intestines: Mucosal ischemic necrosis and patchy hemorrhages, sepsis 
Brain: Necrosis 

Liver: Centrilobular necrosis ("shock liver”) 

Adrenal; Waterhouse-Friderichsen syndrome of acute hemorrhagic infarc¬ 
tion and adrenal insufficiency 


TABLE 1-30. Hemodynamic Profile of Shock 


Type of Shock 

Cardiac Output 

SVR PCWP 

Hypovolemic 

A 

t 

i 

Cardiogenic 

i 

T 

T 

Septic 

t 

l 

i 

Anaphylactic 

T or normal 

i 

i or normal 

Neurogenic 

utiiif id tin i iittim? 

i i 
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l or normal 
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KEY FACT 

•a 

PERICARDIAL DISEASE 




LAD infarction can cause LBBB, 
anterior wall rupture, and mural 
thrombi. RCA infarction can cause 
LV papillary rupture, posterior flail 
leaflet, and MR. 



KEY FACT 


The pericardium is a doublc-lavcrcd sac lhat surrounds llie heart, with the 
visceral pericardium lining the heart and the parietal pericardium on the 
outside. In between the two layers is pericardial fluid that helps to decrease 
friction. 

Cardiac Tamponade 

An increase of pericardial fluid that compresses flic hear! chambers, leading to 
impaired cardiac fill ing. The most common causes include neoplasms, posivi- 
ral uremia, CHF, and hemorrhage either from trauma, ruptured LV following 
left anterior descending Ml, active TB, or dissecting aortic aneurysm. 


Beck's triad of cardiac tamponade 
includes muffled heart sounds, 
elevated jugular venous pressure, 
and d fall in the systolic pressure. 



KEY FACT 


Pulsus paradoxus is a > 10- 
mmhg decline in systolic BP upon 
inspiration. 



FLASH BACK 


Presentation 

Principal features include systemic venous congestion exhibited by jugular 
venous distention, peripheral edema and hepatomegaly, pulmonary venous 
congestion diagnosed through rales, and decreased cardiac output as evi¬ 
denced by hypotension and tachycardia. Other fcalnrcs include elevated dia¬ 
stolic intracardiac pressure; a small, quiet heart with decreased heart sounds; 
and pulsus paradoxus. 

Normall\ with inspiration the intrathoracie pressure becomes more negative, 
leading to increased venous return and increased II11 mg of" the right heart. 
This leads to intraventricular septal bulging into the LV, causing decreased 
cardiac output and BP. Any disease that causes high negative intrathoracie 
pressures nr impaired right ventricular filling or outflow will exaggerate this 
mechanism, causing a > lO-mmllg decline in systolic BP upon inspiration 
(pulsus paradoxus). 

Diagnosis 


Parasternal pericardiocentesis 
requires the needle to pass through 
the skin, superficial and deep fascia, 
pectoralis major muscle, external 
intercostal membrane, internal 
intercostal membrane, transversus 
thoracis muscle, fibrous pericardium, 
and the parietal layer of the serous 
pericardium. 


Echocardiography can help evaluate for pericardial effusion. In tamponade, 
llierc is col lapse of the RA and RV during diastole. Definitive diagnosis is car¬ 
diac catheterization, which will show diastolic pressure equalization in all 
four chambers* EGG will show low voltage because the surrounding fluid will 
block the signal and cause electrical alternans, which is an alternate heat vari¬ 
ation due lo alteration of the position of the heart in relation to the recording 
electrodes as a result of an enlarged pericardial sac. 

Treatment 

Removal of fluid through pericardiocentesis 


TA 8 L E 1-51, Types of Pericarditis 
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Disease 

Exudate 

Associations 

Serous 

Protein*rich, straw-colored, few 
inflammatory cells 

Associated with SLE, rheumatic fever, uremia, and viral infection 
(coxsackte B) 

Fibrinous 

Fibrin-rich with plasma proteins 

Associated with Ml, uremia, or rheumatic fever; can lead to scar 
formation and diastolic filling defects 

Suppurative 

Cloudy fluid with many inflammatory cells 

Caused by bacterial infection leading to erythematous serosal surfaces 

Hemorrhagic 

Bloody and inflammatory fluid 

Due to tumor invasion or TB 
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FIGURE 1 - 62 . ECG findings in acute pericarditis. Notice the diffuse concave upward ST- 
segment elevation. 

Acute Pericarditis 



KEY FACT 


Scar tissue formation in acute 
pericarditis can often lead to 
constrictive pericarditis. 


Inflammation of the Pericardium 

There are three subtypes: serous, fibrinous, and hemorrhagic. These may 
resolve or lead to scarring and chronic adhesive or chronic constrictive peri¬ 
carditis (see Table 1-31). 




MNEMONIC 


Causes of pericarditis- 
CARDIAC RIND 


Presentation 

Patients present with retrosternal chest pain (worse on inspiration nr cough¬ 
ing; relief while silling or leaning forward), fever, hypotension, jugular venous 
distention, pericardial friction rub, and distant heart sounds. 

Diagnosis 

Clinical suspicion with the presence of pleuritic and positional pain with a 
friction rub; ECG showing diffuse S'1-segment elevation is often seen (see 
Figure 1-62), 


Collagen vascular disease 
Aortic aneurysm 
Radiation 

Drugs (hydralazine) 
Infections 
Acute renal failure 
Cardiac Infarction 
Rheumatic fever 
Injury 

Neoplasms 
Dressler's syndrome 


Treatment 

Treat the underlying etiology which includes NSAIDs for pain in viral peri¬ 
carditis or Dressler's syndrome. 



FLASH BACK 

k.___ 


Chronic Constrictive Pericarditis 

Gradual resorption of acute pericarditis can lead to fusion of the pericardial 
layers and scar formation wilh possible calcifications leading In a stiff pericar¬ 
dium. 'I bis results in inhibition of diastolic filling and signs similar lo those of 
RHE may become evident. The most common cause worldwide is TB; how¬ 
ever, it may also be secondary to pyogenic organisms or Staphylococcus spp. 
leading lo obliteration of the pericardial cavity. 

Presentation 

Patients present with fatigue, dyspnea on exertion, hypotension and tachycar¬ 
dia due to decreased cardiac output and jugular venous distention, edema and 
ascites due lo increased systemic venous pressure, KussinauPs sign is also seen, 
in which the jugular veins distend during inspiration. 11 carl sounds arc distant 
and a pericardial “knock” (early apical diastolic sound) is heard. 

Diagnosis 

Chest radiograph may show an enlarged cardiac silhouette, and CT or MRI 
mav show pericardial thickening. Confirmation is by cardiac catheterization 
showing increased diastolic pressures. 


Dressler's syndrome is a delayed 
pericarditis that develops 2-10 
weeks after an ML 




MNEMONIC 


Pencardial Pain is Pleuritic and 
Positional 


I 


KEY FACT 


In contrast to an acute Mi, in which 
ST-segment elevation is seen only 
in leads overlying the infarcted area, 
acute pericarditis is characterized by 
generalized SPsegment elevation, 
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TABLE 1*32. Acute Versus Chronic Pericardial Effusion 


HI lltUJJlMI ITtlll IUMI liH S itti 

Acute Chronic 

Etiology 

Pe ri ca rd it is, ca rd ra c s u rge ry f 
uremia, and collagen vascular 
disease 

TB, cancer (lung, breast, or bone), 

SLE, HIV 

Presentation Chest pain f pericardial friction rub, 

pericardiocentesis reveals small 

amounts of fluid 

uiiiuiiiu»imj!iii imujjuiui iijumu i iimui f rrunnutri i iff 111 i«r i u if nuif i miwnvHwaw* 

With or without symptoms, large 
amounts of fluid on pericardiocente¬ 
sis, symptom relief may or may not 

be seen after fluid is drained 


Treatment 

Effective treatment requires pericardial removal (pericardectomy). 


Pericardial Effusion 

Increased fluid accumulation sometimes occurs in the pericardial space. The 
volume of fluid, the rate of increase, and pericardial compliance all factor into 
the clinical symptoms of effusion. Can he acute or chronic (sec Table l->2). 

Presentation 

Usually asymptomatic, clinical features can include soft heart sounds, dull¬ 
ness over the posterior lef! lung and left-sided chest ache, or compressive 
symptoms such as dysphagia, hoarseness, or dyspnea. 




MNEMONIC 


Konstrictive pericarditis presents with 
Kussmaul's sign and a pericardial 
Knock. 


Diagnosis 

Echocardiography can quantify the volume of fluid in the pericardial sac. 
IlCG will show low voltages and an increased cardiac silhouette will be seen 
on chest x-ray. 

Trbatmsnt 

Involves trcalment of the underlying disorder nr pericardiocentesis 


PERIPHERAL VASCULAR DISEASE 



FLASH BACK 


c-ANCA (cytoplasmic antineutrophil 
cytoplasmic antibody) is often 
associated with Wegener's 
granulomatosis. 

p-ANCA (perinuclear antineutrophilic 
cytoplasmic antibody) is often 
seen in Churg-Strauss syndrome, 
microscopic polyangiitis, and primary 
sclerosing cholangitis. 


Polyarteritis Nodosa (PAN) 

A necrotizing immune complex inflammation and polymorphonuclear infil¬ 
tration of the small to medium arteries that involves destruction of the media 
and internal elastic lamina. If most commonly affects middle-aged In older 
men, peaking al 50 years nf age. 

Pff£ 5 E/Vr 4 T 70 A/ 

Symptoms are either inflammatory in nature such as fever and musculoskel¬ 
etal pain, or doc lo decreased organ blood flow such as headache, abdomi¬ 
nal pain, and hypertension. Ischemia of vessels can lead to distal disruption 
including HID, arthritis, and renal lesions. There is no lung involvement. 
Hepatitis BsAg association is seen in 30% of those affected. 

Diagnosis 

Definitive diagnosis is by biopsy of the affected vessels. Antineutrophil cyto¬ 
plasmic antibodies (ANCA) are highly suggestive of microscopic PAN. 














Treatment 

Immunosuppressives, prednisone 


Temporal Arteritis 

Also known as giant cell arteritis, temporal arteritis involves nodular in 11 a m- 
niation, intinial fibrosis, ami granulomas containing nmlhiiucleated giant 
cells in the medium to large arteries, most commonly of the carotid and aortic 
brandies* Most often affects older women. 

Presentation 

Often affects the temporal artery, and symptoms include headache arid .sud¬ 
den-onset visual defects, absence of pulse, facial pain, and jaw claudication. 
Ophthalmic artery involvement can lead to blindness. Patients can also have 
polymyalgia rhcumatica, characterized by severe stiffness and aches in the 
axial skeleton (neck, shoulder girdle, and pelvic girdle). 

Diagnosis 

Definitive diagnosis is by biopsy of the affected vessel, usually the tem¬ 
poral artery, showing granulomatous inflammation. Elevated erythrocyte 
sedimentation rate (ESR) am! C-rcaetive protein levels are also seen clue to 
inflammation. 


Treatment 

First confirm elevated ESR, then immediately start high docs of systemic ste¬ 
roids to prevent loss of vision while awaiting biopsy results. 

Takayasu's Arteritis 

Also known as pulseless disease, Takayasifs arteritis is an inflammation of the 
aorta and its branches usually affecting Asian women < 40 years old. It affects 
elastic arteries. (The most elastic arteries are the aorta and upper branching 
vessels.) 


r 


MNEMONIC 


Takayasu's is aorTitis. 

Kawasaki's: Picture Cows A Suckin' 
with their lips (mucocutaneous 
disease) 


Presentation 

Loss of the carotid, ulnar, and radial pulse leads to the disl motive "pulseless 
disease" designation. Inflammation of the affected vessels can lead to myocar¬ 
dial ischemia, hypertension, and visual defects. Systemic inflammatory' effects 
such as fever, night sweats, arthralgia, and weight loss are also seen, most com¬ 
monly in young Asian women. 


Diagnosis 

Angiography 



KEY FACT 


Treatment 

Steroids and cytotoxic drugs arc used to reduce inflammation. 

Thromboangiitis Obliterans 

Also known as Buerger's disease, thromboangiitis obliterans is a full-thickness 
inflammation of the distal extremity medium-sized arteries, veins, and nerves. 
It is strongly associated with young men who are heavy smokers. 

Presentation 

Triad of distal arterial occlusion, Raynaud's phenomenon, and migrat¬ 
ing superficial vein thrombophlebitis, May be so severe that it progresses lo 
gangrene. 


Raynaud's phenomenon is when 
cold or stress exposure induces 
vasoconstriction of the digital 
arteries, causing the tingers/toes 
to turn white or blue. Primary 
Raynaud's phenomenon (Raynaud's 
disease) occurs in the absence 
of an underlying etiology, and is 
usually found in women, whereas 
secondary Raynaud's phenomenon 
is usually found in men with a 
secondary systemic disorder. 
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MNEMONIC 


CHILD 


Diagnosis 

Arteridgrapliy may show distal stenotic corkscrew vessels. Definitive diagnosis 
involves tissue biopsy. 


Conjunctivitis 

Hyperthermia (fever) > 5 days 
Idiopathic polymorphic rash 
Lymphadenopathy (cervical) 
Dryness and redness (lips„ mouth, 
palms, and soles) 



KEY FACT 

L_ 


Treatment 

Smoking cessation 


Kawasaki's Disease 

A mucocutaneous disease characterized by acute necrotizing inflammation of 
the small, medium, and larger arteries. It is often found in children younger 
titan 4 years. The most serious sequelae include coronary vessel involvement, 
leading to aneurysms. 


The triad of Wegener's is (1) focal 
necrotizing vasculitis, (2) necrotizing 
granulomas ot the lungs and 
upper airway, and (3) necrotizing 
glomerulonephritis. 


Presentation 

Symptoms include abrupt fever, rush, fissured lips, cervical lymph.adenopajBiy, 
edema, desquamation of hands and feet bilateral conjunctivitis, oral ery¬ 
thema, and development of coronary artery aneurysms. 



KEY FACT 


Microscopic polyarteritis is a small* 
vessel vasculitis that is part of the 
Wegener's granulomatosis spectrum. 
It presents with similar symptoms, 
ANCA, and histologic findings 
as Wegener's, but without the 
respiratory findings. 



FLASH BACK 


The main side effect of 
Cyclophosphamide is hemorrhagic 
Cystitis, Mesna is used to prevent 
cyclophosphamide-induced cystitis 
by binding to the metabolite acrolein 
in the bladder. Also, hydration 
helps to decrease drug time in the 
bladder. 



KEY FACT 

i_ 


Diagnosis 

Clinical diagnosis is made and coronary angiogram is performed lf» diagnose 
coronary artery aneurysms. 

Treatment 

Aspirin and y globulin aid as anti-inflammatory agents. Long-term treatment 
in those with CAD includes aspirin and antiplatelet therapy. Anticoagulation 
is used in those with coronary aneurysms, 

Wegener's Granulomatosis 

A necrotizing granulomatous lesion affecting the small vessels in the kidney, 
lung, and upper respiratory tract. 

Presentation 

Renal: Red blood cell casts in the urine, proteinuria 

Pulmonary: Cough, nasal septum ulcers/perforalion, sinusitis, dyspnea, 

hemoptysis 

Skin: Purpura 

Diagnosis 

Ninety percent of patients are e-ANCA-positive, and definitive diagnosis is 
made through biopsy showing necrosis and granuloma formation. Chest x-ray 
shows nodular densities, t lematuria/red cell casts also aid in diagnosis. 

Treatment 


Cryoglobulinemic vasculitis is a 
small-vessel disease in which 
serum proteins precipitate out in 
the cold. Often due to hepatitis C, 
it is diagnosed with purpura, low 
complement, and immune deposits 
in vascular walls. Treatment involves 
plasmapheresis and hepatitis C 
treatment (interferon-alfa and 
ribavirin). 


Prednisone, methotrexate, and cyclophosphamide. 

Henoch-Schonlein Purpura (HSP) 

A sirmll-vcsscl IgA- and immune complex-mediated vasculitis that often fol¬ 
lows upper respiratory infection in young children. 

Presentation 

Symptoms include skin lesions that progress from blanching macules to 
petechiae to palpable purpura, often found on the buttocks and legs (nearlv 
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pathognomonic). Patients can also complain of edema, polyarthritis, colicky 
abdominal pain, hematuria, and hypertension. 


> key fact 


Diagnosis 

Clinical diagnosis is made since laboratory tests arc often normal. 

Treatment 

Supportive therapy and the use of corticosteroids for Cl symptoms. 

Churg-Strauss Syndrome 

A small- to medium-sized granulomatous vasculitis associated with antibodies 
to neutrophil cytoplasmic antigens (]>ANCA). 

Presentation 

Patients present with asthma, cough, allergic rhinitis, arthralgias, and purpura. 
G1 symptoms include bleeding, diarrhea, and colitis. Cardiac manifestations 
and peripheral neuropathy are also seen. 


Platelet counts are often normal 
or elevated in HSP, whereas 
they are decreased in idiopathic 
thrombocytopenic purpura (ITP). 



KEY FACT 


When symptoms involve multiple 
organ systems and the patient 
presents with palpable purpura, 
think small-vessel vasculitis. 


Diagnosis 

Criteria include asthma* peripheral eosinophilia, paranasal sinusitis, pul¬ 
monary in fill rales, histologic proof of vasculitis, and polyneuropathy- Often 
p-ANCA-positive (70%). 

Treatment 

Supportive therapy and glucocorticoids. 


ISCHEMIC HEART DISEASE 


1HD involves an interruption of arterial blood How to I Vic heart leading lo an 
inadequate supply of 0 2 , often due Lo atherosclerotic narrowing of the cor¬ 
onary arteries. Risk facTors include hypertension, family history; smoking, 
hypercholesterolemia (LDL > 160 uig/dL or HDL < 35 mg/dL), diabetes mcl- 
litus, age (male >45 years old or female >55 years old/post menopausal), and 
tobacco use, 1HD can present as angina pectoris, chronic IHIX or Mb 

Angina Pectoris 

Episodic chest pain caused by a disparity between cardiac perfusion and car¬ 
diac demand, leading to transient hypoxia of the myocardium. 

Presentation 

Typically presents as retrosternal diesl pain or pressure that can radiate to 
the neck, jaw, or left arm, and lasts anywhere from 15 seconds to 15 minutes. 
Patients arc often diaphoretic and nauseous. Precipitating factors include 
cold, food, and stress, whereas relieving factors include rest and nitroglyc¬ 
erin. There inc three types; stable angina, unstable angina, and Prinzmetal's 
angina. 

Stable angina: The most common form in which pain is induced by 
exertion (usually the same amount of exertion causes pain); the pain is 
relieved by rest or nitroglycerin. Pain is thought to be due to stenosis of 
the atherosclerotic coronary arteries which can no longer supply enough 
(T to meet the increased demands of the heart during exertion. If pain 
occurs with exertion, die coronaries are generally > 70% stenotic; if pain 
occurs at rest, die arteries are > 90% stenotic. 









table i-33. Drug Treatment for Stable Angina Pectoris 


Drug Reason for Use Side Effects 

Nitrates 

Venous dilation to decrease preload, arteriolar dilatation to i afterload, 
and coronary artery dilatation to T 0 7 supply 

Orthostatic hypotension, reflex 
tachycardia, blushing, headache 

(i-Blockers 

i sympathetic drive will l myocardial 0 2 demand and improve survival 

Bronchoconstriction, insomnia 

Calcium channel 

I preload and afterload 

Hypotension, reflex tachycardia, Flushing, 

blockers 

iin1 1 1Mi ituinit 
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headache 
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Unstable angina: Fain at rest or with increasing frequency nr duration dur¬ 
ing activity. Thought lo he induced by a ruptured atherosclerotic plaque 
that leads to thrombosis and embolization. Unstable angina is more likely 
to lead to MI than is stable angina. Diagnosis is clinical with an angina- 
like presentation; however, no SI-segment elevations arc seen on KCG. 
Treatment involves aspirin, nitrates, Ji-bluekers and statins for lipid man¬ 
age in cut. I leparin or glycoprotein llb/Illa inhibitors arc also used. Patients 
are often sent for coronary angiography. 

Prinzmetal s angina: Also called variant angina, it presents as intermittent 
chest pain at rest that is not related to activity, stress, or BP. Often occurs 
during the night, ll is I bought lo be due to coronary artery vasospasm. 
Cardiac catheterization may not demonstrate atherosclerosis and spasm 
can be precipitated with ergonovine. Definitive diagnosis involves exagger¬ 
ated spasm of coronary arteries after injection with provocative agents such 
as ergonovine during coronary angiography. 1'rcatmerit includes calcium 
channel blockers and nitrates. 


Diagnosis 

Many diagnostic modalities are available. KCG may show prior Ml or isch¬ 
emia. Stress tests may reveal inducible ischemia and coronary obstruction can 
be visualized on cardiac catheterization. 


Treatment 

Modification of risk factors is always helpful Medical therapy for stable 
angina is shown in Table 1-33. 


3 


KEY FACT 


Cocaine can be a causative agent in 
Ml by causing coronary vasospasm 
and thrombosis. 



FLASH BACK 


Surgical therapy includes coronary artery bypass graft and percutaneous trans¬ 
luminal coronary angioplasty. 


MYOCARDIAL INFARCTION 


Ml is due to myocardial necrosis secondary- lo inadequate cardiac tissue perfu¬ 
sion. i'll is leads to microscopic changes in the heart and release of myocardial 
enzymes into the bloodstream. Risk factors include increasing age, hyperco- 
agulable states, vasculitis, and those that predispose to atherosclerosis. 

Presentation 


Atherosclerosis risk factors include Patients will describe prolonged (> 3U-45 minutes) crushing chest pain si mi- 
hypertension, hypercholesterolemia, lar to angina, but not relieved by nitroglycerin, as well as nausea, vomiting, 

age, cigarette smoking, and diabetes. sweating, shortness of breath, and weakness. There are two patterns of rnvo- 

_ cardial involvement Nontransnmral and trail smural (see Table 1-34), 















table 1-34. Cross and Microscopic Changes to the Heart in Ml 


Time Gross Changes 

IVliCROSCOprc Changes 

0-6 h 

None 

Vascular congestion, wavy monocyte fibers, contraction bands 

12-24 h 

Slight pallor, swelling, and softening 

Start neutrophilic infiltration, coagulation necrosis aM2 h 

1-7 d 

Yellow pallor 

Neutrophilic infiltrate replaced by macrophages on day 4 

7-10 d 

Yellow center softening surrounded by red border 

Young fibroblastic growth and new vessel infiltration 

10-20 d 

Red connective tissue replacing yellow necrotic tissue 

Continued phagocytosis, collagen synthesis 

Months Gray-white firm scar Fibrous tissue replaces infarcted tissue that will not rupture 

because fibrosis adds to its strength 


Non-ST*elevation myocardial infarct (NSTEMI): Also known as non-Q 
wave Ml. This is a Ml that is limited to the inner one-tialf to one-third 
of the l,V wall. Coromirv arten’ atherosclerosis results in decreased corn- 
nar\' blood flow and loss of perfusion to the wall. ST-segmcnt depression 
is seen on ECO. 

ST-c!cvation myocardial infarct (STEMI): This occurs following athero¬ 
sclerotic plaque rupture and thrombosis leading to complete vessel occlu¬ 
sion (no blood flow!). Necrosis of the entire myocardial wall is seen. ECO 
is characterized by Q waves and ST-segment elevation. 



KEY FACT 


Red infarcts occur in tissues with 
collateral circulation such as the 
lungs or intestines. 

Pale infarcts occur in solid tissues 
with a single blood source such 
as brain, heart, and kidney. 


Corona ry artery thrombosis a (Teds LAD > RCA > left circumflex coronary 
artery. 

Diagnosis 

S r l segment elevation is seen in trans mural infarcts. ECG changes in elude: 

Tall peaked T waves starting immediately and lasting up to 1 day 
S'I -segment elevation starting shortly after ML due to injured myocytes 
Prolonged Q waves starting 1-4 days after ML due to coagulaltve necrosis 
T-wave inversion starting within I day, signifying ischemia at the peripherv 
of the infarct 

Echocardiogram can show ventricular wall hypokinesia or akinesia. 



2x 

Onset of 
chest parn 


Lactate dehydrogenase 

Troponin 

Creatine kinase 


Time (days) 


aiNtcAt 

CORRELATION 


At 7-10 days there is an increased 
chance cf ventricular aneurysms or 
rupture of the papillary wall due to 
the central softening. 


When you 
see: 

Think: 

Coagulabve 

necrosis 

Ischemia of kidney 
or heart, pale tissue 

Caseous 

necrosis 

TB, cheesy 
appearance 

Liquefaction 

necrosis 

Tissue softening in 
brain or spinal cord 

Fat necrosis 

Trauma 

Gangrenous 

necrosis 

Foul-smelling 
black tissue, 
supennfedion, 
limbs 


FIGURE 1 - 6 3, Cardiac enzyme changes with JV1I. 
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No visible change by light 
microscopy in first 2-4 
hours. 


Coagulalive necrosis; contraction 
bands visible alter 4 hours. 
Release of contents of necrotic 
cells into bloodstream and the 
beginning of neutrophil 
emigration 



Tissue surrounding infarct 
shows acute inflammation 

Dilated vessels (hyperemia) 

Neutrophil emigration 

Muscle shows extensive 
coagulative necrosis 




Contracted scar complete 


FIGURE 1-64* Evolution of ML 1 Mmlifiird, with [>lth]ism(hi t from Chandfiiioiii.i R RdiWogV Notes* Smith Norwalk, CTt Appleton & 1 jihejc* 

im-, 224iJ 


Cardiac enzymes are widely used for diagnosis (sec Figures !-63 and 1-64). 

Troponin starts to elevate 4-6 hours after flic pain slurb and lasts 7—10 
days* It is more specific than CK-MB, 

CK-MR is a specific enzyme for myocardial damage* Llevation starts 4-6 
hours after the pain begins* peaks within 1 day, and lasts up lo 3 days* If 
is the test of choice in the first 24 hours post-MI because if it disappears 
and a second spike occurs, this signals another MI is occurring (troponin 
would be e leva led the entire time). 

Lactate dehydrogenase (LDH) is not used as frequently* It is elevated 12 
hours after the pain starts and remains elevated for up to 2 weeks. Nor- 
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mally 1,011-2 is greater than L0I1-1, but in acute MI there is an “LON 
1-2 flip" and LDH-I becomes elevated. 

Semin AST begins to increase after 12 hours and lasts from 3-5 days. It is 
nonspecific, as it can he found in liver, cardiac, and skeletal muscle. 

Prognosis 

Arrhythmia is a common cause of death within hours of an Ml. 

Sudden cardiac death. 

Heart block. 

Cardiogenic shock and CHK. 

Mural thrombus and systemic embolism. 

Cardiac rupture, resulting in cardiac tamponade, often - - days after an 
MI (1 AD infarct most common). 

Posterior leaflet rupture (RCA). 

Aneurysm. 

Pericarditis is often seen 2-3 days posl-Ml but can occur later (at roughly 
7 weeks = Drcssicr’s syndrome). 

Silent Ml occurs in the elderly diabetics who have a neuropathy that 
reduces sensory input. 

Treatment 

Aspirin therapy: Anti-platelet therapy decreases post-Ml mortality. 
Angioplasty is of more benefit than thrombolytics if it is readily available; 
however, if delayed its benefit is greatly reduced. 

Thrombolytics: Tissue plasminogen activator or streptokinase can he given 
within 12 hours unless contraindicated. 

(3-Blockers have been shown to decrease mortality post-Ml. 
i Analgesics. 

Nitrates have no proven mortality benefit. 

Heparin. 


CHRONIC ISCHEMIC HEART DISEASE (CIHD) 


Ischemic heart damage causes Cl IK tliai can lead to CIHD. Often found in 
the elderly, infarction leads lo cardiac hypertrophy and decompensation. No 
history of angina is typically present. 
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To remember when the enzymes 
peak: 

1/2T-CAL 123: 

Troponin: day 0.5 
CK-MB: day 1 
AST: day 2 
IDH: day 3 



KEY FACT 


Pericarditis presents with a friction 
rub on auscultation. 



KEY FACT 


Use angioplasty if available 
immediately; if not, use 
thrombolytics. 



FLASH BACK 


Red infarcts are seen in tissues with 
collateral circulation such as the 
lungs or intestines. 

Pale infarcts are more often seen 
in solid tissues that have a single 
blood source, such as brain, heart, 
or kidney. 


X-ray penetration is inversely proportional to tissue density* Less x-ray 
absorption leads to a blacker image. Therefore, air is seen as black, while 
bone or metal is seen as white* 

PnskToantenor view describes the direction of the beam. The x-rays are 
transmitted from behind the patient onto a film placed anterior to the 
patient's chest* 

The normal cardiac silhouette occupies < 50% of the width of the thorax. 
Increased pulmonary vasculature can be a sign of heart failure. 

It is imperative to be able to visualize both heart borders, as infection can 
blur the border lines. 













ECHOCARDIOGRAPHY 


A safe, noninvasive imaging modality using ultrasound. 

Can be used with Doppler to help evaluate blood flow, direction, turbu¬ 
lence, and estimation of pressure gradients. 

Can be transthoracic or transesophageal. 

Is used to evaluate fluid, ventricular function, valvular abnormalities, peri¬ 
cardial disease, cardiomyopathies, or CAD. 


CARDIAC CATHETERIZATION 


Used for pressure measurement and contrast angiography. 

Right-sided pressures are normally measured by inserting a catheter 
through the femoral, brachial, or jugular vein, whereas left-sided pressures 
are measured through the brachial or femoral artery. 

Normal pressures are as follows: 

« RA: 0-8 mmflg 

RV: 15-50/0-8 mmHg 
Pulmonarv artery: 15-50/4-12 nnnllg 
» PCWP: 1-10 mmHg 
l/\: 1-10 mmHg 
.i L,V: 100-140/5-12 mini Ig 
Aorta: 100-140/60-90 mmHg 


NUCLEAR IMAGING 


Used to evaluate myocardial perfusion and viability. 
Uses tWn 'Tolabclcd compounds or - 01 thallium. 


STRESS TESTING 


Can be exercise or pharmacologic. 

In a nuclear stress lest a patient is asked to exercise to maximum level and 
then d radioactive isotope (thallium or led indium) is injected into the 
bloodstream. The isotope will enter the coronary arteries that supply the 
myocardium. Am area that does not receive adequate blood supply will 
receive less isotope which will be seen on the images. Stress images are 
compared to resting images. 

If a patient is unable to exercise, dipyridamole or adenosine is given to 
increase cardiac blood flow. 

Abnormal results can signify CAD. The test can also be used for prognosis 
of patients post-MI and to determine the causes of chest pain in low-risk 
patients. 

Contraindications include acute Ml within 2 days, severe aortic stenosis, 
acute mvocarditis/pericarditis, acute pulmonary embolus, or acute aortic 
dissection. 


PERICARDIOCENTESIS 


More than 20-10 mL of fluid accumulation in the pericardial sac is usu¬ 
ally abnormal. A change in the cardiac silhouette is seen when > 250 ml. 
of fluid accumulates. 

Indications include pericardial tamponade, symptomatic pericardial effu¬ 
sion, to obtain pericardial biopsy, and possible purulent pericarditis. 
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Parasternal pericardiocentesis (the more common procedure) requires 
the needle to pass through the skim superficial and deep fascia, pectoral is 
major muscle, external intercostal membrane, internal intercostal mem¬ 
brane, transversus thoracis muscle, fibrous pericardium, and the parietal 
layer of the serous pericardium. 

Subcostal pericardiocentesis requires I lie needle to pass through skin, 
superficial fascia, dee]) fascia, outer layer of the rectus sheath, rectus abdo¬ 
minis muscle, posterior layer of the rectus sheath, fibers of the diaphragm 
at its attachment to the costal margin, cndothoracic fascia ot the dia¬ 
phragm, fibrous pericardium, and serous parietal pericardium. 



Hypertension is a common and serious disease with many sequelae, includ¬ 
ing ML stroke, systemic vascular disease, and renal disease. Several classes of 
drugs arc used to treat hypertension. 


Diuretics 

Diuretics act on the kidney with the primary purpose of reducing bipod vol¬ 
ume by increasing the rale of urine excretion. Reduction of blood volume 
leads to a decrease in BP, 'There are several types of diuretics, and they can 
he divided into separate classes based on their mechanism and site of action. 
Figure 1-65 serves as a review of the major diuretics. 

Osmotic Diuretics (lg., Mannitol) 

Mechanism. Increase kidney tubular fluid osmolarity. The drug is filtered 
through the glomerulus into the kidney tubule. It cannot he reabsorbed, so it 
pulls water from the interstitial space into the tubules via osmosis. This pro¬ 
cess results in more water being excreted into the urine and less water being 
reabsorbed into the circulation. 

Site of Action. In the kidney at the proximal tubule (site of major water per¬ 
meability) (sec Figure 1-66). 

Uses. Rarely used for hypertension. More commonly used for patients with 
increased intracranial pressure (ICP) or increased intraocular pressure (IOP). 

Side Effects. Can cause major problems if the drug cannot be filtered through 
the glomerulus (e,g., in anuria). In this situation, the drug remains in ihe 
circulation and pulls water from the interstitial tissues into the blood. This 
results in increased blood volume (the exact opposite of its intended cffccl), 
leading to peripheral and/or pulmonary edema. 

Carbonic Anhydrase Inhibitors (e.g., Acetazolamide) 

Mechanism. Prevent the conversion of IICO;~ into COi (mediated bv car¬ 
bonic anhydrase primarily at the brush border of proximal tubule cells), 
which is necessary for the reabsorplion of lIGOy, This inhibition results in 
excretion of HCO^" along with water into the urine. 

Site of Action. In the kidney at the proximal convoluted tubule (see Figure 
1 - 66 ). 
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Distal convoluted 
tubule 


Glomerulus 


Diuretics 

(T) Acetazotamide 

(?) Osmotic agents (mannitol) 

(7) Loop agents (e,g.. furosemide) 
(?) Thiazides 
( 5 ) Aldosterone antagonists 
(V) ADH antagonists 


Collecting 
lubuie 

NaCI 
(+ aldosterone) 


Ca 2 
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Collecting 
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FIGURE 1 - 6 s. Overview of sites of action of various diuretics, {Modified, with permission, from Katzmig BG, Bcjmc tint! Ciinicut 
Pharmacology, lOtli ed. New York: McGraw-Hill, 2007: 2>7,) 



FIGURE 1-66, Ion physiology at the proximal convoluted tubule. \ Modified, with per* 
mission, from Katzung BG, Bmicand Clinical Pharmacology* lOtli ed, New York: MeGraw- 
I fill* 2007: 259.) 
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Uses. Rarely used for hypertension. More commonly used for patients with 
metabolic alkalosis, altitude sickness, glaucoma. 

Side Effects. Metabolic acidosis due to increased excretion ot HCOr, The 
loss of tins major source of alkalinity causes a rise in urinarv pll and a drop 
in blood pl l. In addition, acctazolamide contains a sulfa group, which causes 
allergic reactions in some patients. 
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AClDazolamide causes AO Posts 


Loop Diuretics (e.g., Furosemide, Ethacrynic Acid, Bumetanide) 

Mechanism. Inhibit Na + -K + -2CI“ channel in the lliiek ascending limb of loop 
of Henle. Rv preventing NT and reabsorption into the renal medulla, they 
abolish the hypertonicity ot the medulla (so urine cannot be concentrated in 
the collecting ducts). This results in marked diuresis. They also increase Ca 2+ 
excretion because they reduce the lumen positive potential in the loop of 
1 Ionic (see Figure 1-67). 

Site of Action. Thick ascending 1 r e n b of loop of Henle (see Figure 1-67). 

Uses , The most efficacious diuretics, used for edema (Cl IF, cirrhosis, neph¬ 
rotic syndrome, and pulmonary edema), moderate to severe hypertension, and 
hypercalcemia. 

Side Effects. Olotoxicily, hypokalemia, hypercalcmria, dehydration, allergy to 
sulfa (furoseinide, not ethaerynic acid), nephritis, gout. 
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Loop Diuretics OH DANG! 

Ototoxicity 

Hypokalemia, Hypercakiuria 
Dehydration 

Allergy to sulfa (furosemide) 

Nephritis 

Gout 


Thiazide Diuretics (e,g„ Hydrochlorothiazide, Metolazone) 

Mechanism . Inhibit Na + -Cl“ syniporter, thereby blocking Ma + and Cl ' rcab- 
sorptiun in the distal convoluted tubule. NaCl is excreted along %v r itli water 
into the urine, 1 hey also increase Cn~ + reabsorptiun. 

Site of Action. Earlv distal convoluted tubule (see Figure 1-68). 

Uses. Mild to moderate hypertension, mild OIF, nephrogenic diabetes insipi¬ 
dus, idiopathic hypercalehiria. 

Side Effects. Hyperglycemia, hyperlipidemia, hyperuricemia, hypercalcemia, 
sulfa allergy (hydrochlorothiazide). 
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Thiazides HyperCWC 

HyperCfycemia 
HyperLipidemia 
HyperUrkemia 
Hyper Cakemia 


Lumen- 

urine 



Interstitium- 

blood 



,— (+) Potential 
^-► Mg 2 *. Ca 2 * 


2Cr 


figure 1-67. Ion physiology at the loop of Henle. (Modified, wit! i peniii ssion, fiovii 
Kntzung I3G t Same and Clinical Pharmacology, I Otli ed a New York: McGihw-I Jill, 2007: 239.) 

























Lumen- 

urine 


Distal 

convoluted 

tubule 




Interstitium- 

blood 



FIGURE 1 - 6 S. Ion physiology at the distal convoluted tubule. (Modified, wilh permis¬ 
sion, from Kalzung BG, Bask and Clinical Fhdnndcohgy, M III l oil* New York; McGraw-l I ill. 


2007: 239.) 
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Potassium-Sparing Diuretics (e.g,, Spironolactone, Triamterene, Amilorlde) 
Mechanism 


The K+ STAys 

Spironolactone 

Triamterene 

Amiloride 


Spironolactone: Competitive antagonist at the aldosterone receptor in 
collecting tubule (indirectly inhibits Na + reabsorptionk 
Triamterene and aniiioridc: Directly block Na 1 channels in the collect¬ 
ing tubule. 


Reasons for the K-sparing properties of ibis class: 

Less K 4 secretion occurs due to inhibition of Na 4 reabsorption in the dis¬ 
tal tubule (Na" reabsorption and secretion are coupled in this segment 
of I lie nephron). 

Because they are not active in the proximal portions of the tubules, these 
agents do not greatly increase tubular flow (high Row rates through the 
tubules increase secretion of K + ). 


Site of Action, Collecting tubule and collecting duet (see Figure 1-69), 

Uses, Primarily used in combination with more efficacious diuretics (such as 
loop diuretics) to prevent associated K + wasting. Spironolactone has been 
proven to increase survival in patients with CHF, 


Side Effects, 1 lyperkalcmia, spironolactone causes gynecomastia. 



KEY FACT 


BP = cardiac output x 5VR. 
Cardiac output — HR x SV, 

SV depends on preload and heart 
contractility. 


Electrolyte Chances Associated with Diuretic Use. All diuretics affect the reab¬ 
sorption and/or secretion of various electrolytes in the kidney, so electrolyte 
abnormalities may accompany the use of these drugs. Sec Table 1-35 for a 
review of some alterations in electrolytes in the urine and blood for various 
diuretics. 

Sympathoplegics 

Function of Sympathetic Receptors 

Sympalhnplcgic drugs reduce Ihe effects of the SNS on the CV system (see 
Figure 1-70). Recall that arterial BP = cardiac output x systemic vascular resis¬ 
tance (SVR). Cardiac output is I he product of HR and SV. 
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FIGURE 1-69, ton physiology at the collecting tubule and collecting duct, i Modified, 
with permission, from Kalzung BC, Haste and Clinical Pharmacology* 10th ed, New York: 
McOruwdUlh 2007: 240.) 

Since multiple factors contribute to BP control, pharmacologic agents that 
target different parameters can be used to decrease BP, 

Sympathetic activity increases BP bv increasing all of the following: 

n HR 

Cardiac contractility 

Venous return to the heart (preload) 

SVR (or afterload) 

Renin production in the juxtaglomerular cells of the kidney 


TABLE 1-35, Electrolyte Changes with Various Diuretics 



Urine 

Urine 

Urine 

Urine 

Blood 

Drug 

NaCl 

K + 

Ca + 

hco 3 * 

pH 

Osmotic diuretics 

TT 

t 

T 

T 

NC 

Carbonic anhydrase inhibitors 

T 

tt 

NC 

TT 

i 

Loop diuretics 

TTT 

n 

TT 

NC 

T 

Thiazide diuretics 

T 

rt 


NC 

T 

Potassium-spa ring diuretics 
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T 

i 

NC 

NC i 


NC = no change. 
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FIGURE 1-70. End-organ effects of SNS activity relating to BP control 

Drugs I lint inhibit sympathetic activity reduce some or all of these parameters 
and thus lower BP. (Review the major functions of the sympathetic receptor 
subtypes in Table 1-36.) 

Centrally Acting Sympathoplegics (e.g., Methyldopa, Clonidine) 

Mechanism, Selective a 2 agonists, Rv activating ct 7 receptors in the brain 
stem, these agents reduce central sympathetic outflow. The result is decreased 
cardiac output and SVR, 

Site of Action. Brain stem. 

Uses. Rarely used for hypertension due lo poor side-effect profile, but methyl- 
clopa is traditionally considered the drug of choice For hypertension in preg¬ 
nant patients. 

Side Effects 

Methyldopa: Sedation, positive Coombs' test in 10% of patients (revers¬ 
ible upon discontinuation of drug). 




Clonidine: Sedation, dry mouth, severe rebound hypertension with 


m 


abrupt discontinuation (should not use in patients who may have difficulty 
ohtaining/taking medication as directed). 

TABLE 1-36, Function of Sympathetic Receptors within the CV System 
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Major Effects on CV System 


Vasoconstriction 


tij Ce nt ra I recepto rs: dec rea se sym pa th etic o utfJ ow 

Peripheral receptors: vasoconstriction 


Increase heart rate, increase cardiac contractility increase 
renin release 


Vasodilation 
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Ct-ADRENERGIC RECEPTOR ANTAGONISTS (CX-BLOCKERS; E.C., PRAZOSIN, DOXAZOSIN, 

Terazosin) 

Mechanism. Selective a, receptor antagonists; ot ( blockade decreases SVR In 
preventing arteriolar vasoconstriction. The result is decreased BP. 
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a-Blockers end in -OSIN. 


S/re of Action* Primarily a, receptors on arterioles. Of note, also blocks ot| 
receptors at llie bladder sphincter (see below for clinical uses). 


Uses , Mild io moderate hypertension. Most common use of ot| blockers is It) 
treat urinary hesitancy for patients with prostatic hypertrophy (by preventing 
bladder sphincter contraction). 


Side Effects, First-dose hypotension reflex tachycardia, secondary Na + reten¬ 
tion in kidney (use in combination with diuretic). 


Remember, RP =Cardiac oulputx SVR. Therefore, increased SVR leads to 
increased BP. 


(F Adrenergic Receptor Antagonists ((J-Blockers; i.g., Propranolol, Atenolol, 
Meioprolol, Esmolol, Carvedilol) 

Mechanism 

Nonselective [1 receptor (Pj and p 2 ) antagonists (propranolol): 

Reduce HR by blocking (J| effects 
Reduce contractility by blocking [ij effects 
Inhibit renin production by blocking P L effects 

More side effects because of their action on p-, receptors (see side 
effects section) 

Selective Preceptor antagonists (atenolol, metoprolol, esmolol): 

Same as above due to blockade 
Fewer side effects 

Mixed a-and (5-receptor antagonists (carvedilol): 

Same as above due to JJ| blockade 
Plus decreased SVR due to a blockade 
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Drugs with [^-blocking action end in 

-OLQL 

Drugs with both u- and [i-blocking 
action end in either -ILOL or 

-ALOL, 


Site of Action. [i| receptors on heart :md kidney. |T receptors on arterioles 


Uses. Hypertension, angina, patients with previous Ml, OIF. Fsmolol is an 
ultra-short-acting agent used in acute hypertensive emergencies. 

Side Effects 

Bradycardia: Important to remember when checking vital signs on 
patients who are taking [3 blockers. 

Bronchoconstriction and asthma exacerbation (especially nonseleelivc 
agents with |T antagonism). 

Blunted response to hypoglycemia. May be especially dangerous in dia¬ 
betics on insulin therapy. 1 lypoglycemic episodes are marked by pallor, 
trembling, diaphoresis, and tachycardia {all mediated by increased [3-rcccp- 
tor activity)- With p blockade, these important chics of hypoglycemia may 
be absent. 



KEY FACT 


[3 2 receptors in the lung mediate 
bronchodilation. blockade can 
impair breathing in patients with 
asthma or CORD. 


Calcium Channel Blockers and Other Vasodilators 

Vasodilators decrease SVR by relaxing smooth muscle in arteriole walls 
through a number of different mechanisms...The result is the same, however— 
by increasing arteriolar diameter, SVR (also known as aftcrload) is reduced, 
which also reduces BP (remember, BP = cardiac output x SVR)* 











Calcium Channel Blockers (e,g*, Nifedipine, Amlodipine, Verapamil, Diltiazem) 

Mechanism. Block I.-tvpc Ca- + channels, inhibiting entry of Ca* + into arterio¬ 
lar smoolli muscle; this action results in arteriole dilation and reduced SVR. 



KEY FACT 


Dthydropyridines are more active at 
the arterioles than the heart. Their 
names end in -PINE. 


Site of Action 

Vasosdcctivc agents work predominantly at the arteriolar smooth muscle. 
The most commonly used class is the dihydropyri dines (including nife¬ 
dipine and amlodipine)* 

Nonselective agents act equally on the heart and the arterioles. Their vaso¬ 
dilating action is not as potent as that of the dihvdropyndines, but they also 
reduce cardiac contractility. Examples arc verapamil and diltiazeni. 


Uses. Mild to moderate hypertension. 

Side Effects . Constipation, bradycardia. AV block. 


Nitric Oxide Releasers (e.g., Nitroprusside) 

Mechanism . Spontaneously releases nitric oxide* causing relaxation of arterio¬ 
lar smooth muscle. This action results in rapid reduction of SYR and RR 



KEY FACT 


Nitroprusside is a rapid-acting 
IV vasodilator for hypertensive 
emergencies. 


Site of Action. Arteriolar smooth muscle. 

Uses. Hypertensive emergencies (given in IV form). 

Side Effects. By-products of metabolism include cyanide and thiocyanate, 
which can Ire harmful to patients with poor renal function, Other side effects 
include excessive hypotension and reflex tachycardia. 


Other Vasodilators (e.g., Hydralazine, Minoxidil) 
Hydralazine 

Mechanism. Exact mechanism unknown. 


Site of Action. Arteriolar smooth muscle. 


Uses Mild to moderate hypertension. 

Side Effects. May cause drug-induced lupus; reflex tachycardia and sodium 
retention {therefore, it is given in combination with a [3-blocker and a diuretic). 


Minoxidil 

Mechanism. Opens K 1 channels, causing hypcrpolarization of smooth muscle 
cells and arteriolar dilation. 


Site of Action. Arteriolar smooth muscle. 



KEY FACT 


Hirsutism means excessive hairiness. 


Uses. Mild to moderate hypertension and baldness (see below). 

Side Effects. Hirsutism (causing it to be used in a preparation called Rogainc 
for hair regrowth); also reflex tachycardia and sodium retention (also given in 
combination with [3-blockcr and a diuretic). 


Angiotensin Inhibitors 

The HAAS plays an intricate role in 13P regulation. Two classes of drugs are 
used to alter this system and thereby reduce BP. Both classes reduce the action 






of angiotensin II, which is a molecule that increases SVR by directly causing 
vasoconstriction. Angiotensin 11 also increases Na + and water re-absorption in 
the kidney (via aldosterone). The RAAS is shown in Figure 1-71. 

Angiotensin-Converting Enzyme (ACE) Inhibitors (e.g., Captopril, Lisinopril, 
Enalapril) 

Mechanism. These drugs block ACEs, thus preventing conversion of angio¬ 
tensin II to angiotensin I. They also inhibit bradykinin (an intrinsic vasodila¬ 
tor) degradation. This action results in decreased SYR and decreased Na and 
water rcabsorption (via reduced aldosterone). 

Site of Action. The active site of the enzyme (found on the endothelial mem¬ 
brane and in plasma). 

Uses. Mild to moderate hypertension, heart failure, diabetic renal disease. 

Side Effects. Cough, hyperkalemia, angioedema, proteinuria, taste changes, 
hypotension, fetal renal problems, rash. 

Angiotensin II Receptor Antagonists (Also Called Angiotensin Receptor Blockers 
[ARBs]; e.g., Losartan, Valsartan) 

Mechanism. Blockade of angiotensin II receptors, producing similar down¬ 
stream effects as ACE inhibitors ( namely, decreased SVR). 

Site of Action. I Icurt, kidney, adrenal cortex. 
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All ACE inhibitors end in -PRIL. 



KEY FACT 


Angiotensin II is an enzyme 
responsible for aldosterone 
synthesis in the adrenal cortex and 
is also a direct vasodilator. 
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All ARBs end in -ARTAN. 


FIGURE 1-71* Renin-angiotensin-aldosterone pathway and sites of action of ACE in¬ 
hibitors and angiotensin receptor blockers. I = ACPI inhibitors; 2 = angiotensin receptor 
blockers* {Reproduced, with permission, from Katzung BC. Basic and Clinical Pharmamhgy. 
Kith cd. New York; McGraw-Hill, 2007; 1 “6.) 
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TABLE t -57* 

Effects of ACE Inhibitors and Angiotensin Receptor Blockers 


ACE Inhibitors 

ARBs 

Renin 

T 

~T~ 

Angiotensin 1 

t 

T 

Angiotensin 1! 

x 

T 

Aldosterone 

i 

i 

Brady kin in 

rmntiiin Ml iTititnimura* 

T 

<-y 


T — increases; X — decreases; — no significant change. 

Uses . Mainly used in patients who cannot tolerate ACE inhibitors. 

Side Effects, Less cough than ACE inhibitors, fetal renal damage, 

ACK inhibitors and ARBs affect levels of various products within the RAAS 
(sec Figure 1-71 and Table 1-57). 


ANTI-ANGINAL THERAPY 


Angina is chest pain resulting from myocardial ischemia. Ischemia occurs 
when the demand of the heart exceeds the supply of the coronary arteries. 
Therefore, reducing 0 2 demand of the heart is the goal of treatment so that 
supply is greater than demand. Some of the important factors that contrib¬ 
ute to Oj demand include preload, afterload, HR, and cardiac contractil¬ 
ity. The major agents used to alter these parameters arc nitrates, P-blockers, 
and calcium channel blockers. After reviewing the drugs, see Table L5S for a 
recap on how lhe drugs affecl myocardial 0 ? demand. 


TABLE t - 3 8* Effects of Anti-anginal Agents on Parameters that Determine Myocardial 
Oj Demand 


Parameter 

Nitrates 

P-Blockers/Caigum 

Channel Blockers 

Nitrate + (i-8 locker/ 

Calcium Channel 

Blocker 

Preload 

X 

t 


Afterload 

i 

4- 

l 

Contractility 

T (reflex) 

i 

*+ 

Heart rate 

T (reflex) 

i 

i 

O-j demand 

itumiwiHnuHiuinutiWim 

i 

l 

U 


t = increases; l = decreases; <-> = no significant change. 
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Types of Angina 

There nre three major forms of angina: 

Stable (effort) angina: Due to fixed narrowing of coronary arteries. 

Occurs with increased activity 
Is relieved by rest 

Unstable angina: Due to acute formation of thrombus on atherosclerotic 
plaque. 

Not associated with activity 
Is not relieved by rest 
More likely to progress to MI 

Variant (Prinzmetal’s) angina: Due to coronary artery vasospasm. 


Nitrates (e.g-, Nitroglycerin, Isosorbide Dinitrate) 

Mechanism 

Vasodilates via release of nitric oxide; major effect is preload reduction (veins 
dilate, blood pools in veins, and venous return to the heart decreases), result¬ 
ing in decreased 0 2 demand. May cause some after! oad reduction also 


Uses 

Stable angina, unstable angina, and variant angina. 

Side Effects 

'Tachycardia, orthostatic hypotension, headache. 

[i-Blockers (e,g., Metoprolol, Atenolol, Propranolol) 
Mechanism 

Reduce O 7 demand by reducing HR and cardiac contractility. 


1 KEY FACT 


Remember, nitroglycerin dilates 

VEINS » arteries. 


Uses 

Stable angina, not variant angina (because P-blockadc can disrupt the bal¬ 
ance of a and P effects and worsen vasospasms). 


Side Effects 

bradycardia, AY block. 


Calcium Channel Blockers (e.g.. Verapamil, Diltiazem, Nifedipine) 
Mechanism 

Decrease CY demand 

Verapamil, diltiazem: Decrease HR and contractility (like JJ-bl tickers) 
Nifedipine: Decreases afterload via vasodilation 


Uses 

Stable angina and variant angina (calcium channel blockers are the drugs of 
choice). 

Side Effects 

Nifedipine may cause reflex tachycardia (increased O, demand); verapamil 
and diltiazem can cause constipation, bradycardia, and AY block. 



KEY FACT 


Calcium channel blockers are 
the drugs of choice for variant 
(Prinzmetal's) angina. 







CHAPTER 


|4J wi i in i'( l\(K j , i , i ni'i 

CARDIOVASCULAR 


jiTUffl/m/lwlWflfliiv 


MMI 


DRUGS USED IN HEART FAILURE 


Henri failure is defined as cardiac output insufficient for the 0 2 demands 
of the body. It cm be thought of as a chronic disease with intermittent acute 
exacerbations. Heart failure is characterized by poor cardiac output, and the 
response is to increase SNS tone and increase retention of sodium and water. 

The gnats of therapy are to increase cardiac output and also inhibit unwanted 
responses. Several drugs used in heart failure have been discussed previously. 
These include diuretics (c.g,, furosemidc, spironolactone }, (i-blockcrs (e.g, t 
metoproloL earvedilol), ACK inhibitors (e.g., captopril), ARBs {e.g,, losar- 
lan), and vasodilators (e.g,, 11 itroprussiclc* nilroglycerin). Review these drugs 
in the sections above and study Table M9 for their benefits in heart failure. 
Other drugs used to treat heart failure include agents that directly increase 
cardiac output such as [3-agonists, cardiac glycosides, and phosphodiesterase 
inhibitors. 

[3~Agoni$ts (e.g., Dobutamine) 

Mechanism 

Selective [31-agonist; this action increases HR and cardiac contractility, lead¬ 
ing to an increase in cardiac output. 

Site of Action 

Primarily the heart. 

Uses 

Acute exacerbations of heart failure (given IV and has a very short half-life). 

Side Effects 

Angina (due to increased myocardial demand), tachycardia, arrhythmias. 


T A 8 L E 1 * 5 B . Drugs Used in the Treatment of Heart Failure 


Drug Class 

Examples Benefits in Heart Failure 

Diuretics 

Furosemrde, 

spironolactone 

Reduced sodium/water retention -> reduced preload and afterload; spironolactone 
prevents detrimental effects of aldosterone (myocardial fibrosis) 

b-Blockers 

Metoprolot, earvedilol 

Reduced sympathetic tone ->reduced afterload 

ACE inhtbrtors/ARBs 

Captopril, losartan 

Reduced sympathetic tone -> reduced afterload 

Vasodilators 

Nitroglycerin, 

nitroprusside 

Vasodilation reduced preload and reduced after load 

Cardiac glycosides 

Digoxin 

Increased cardiac contractility increased cardiac output 

P j-Agonists 

Dobutamine 

Increased cardiac contractility increased cardiac output 

Phosphodiesterase Milrinone, inamrjnone Increased cardiac contractility increased cardiac output 

inhibitors 
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TABLE 1-40, Overview of Drugs Used to Treat Arrhythmias 


umuJliftHfttUlff mfiiisju ;m Iff 1MJ.1U7 

Class 

Examples) 

Mechanism 

Clinical Use 

Side Effects 

1 (Sodium channel 
blockers) 





IA 

Quinidine, 
procainamide, 
disopyrami de 

Decrease ventricular 

conduction (increased QRS 
interval on ECG); prolong 
ventricular action potential 

(increased QT interval on 
ECG) 

Atrial and ventricular 
arrhythmias 

Quinidine: cinchonism 
(headache, tinnitus) and 

torsades de pointes (due 
to Increased QT interval); 

procainamide: drug- 
induced lupus 

IB 

Lidocarne 

Slow conduction and 

increased threshold for 
firing of abnormal cells 

Acute ventricular 

arrhythmias 

CV and CNS depression 

with overdose 

1C 

Flecainide, 

propafenone 

Decrease ventricular 
conduction (increased QRS 
interval on ECG) 

Ventricular 

arrhythmias 

Can cause arrhythmias 
(especially in post-Ml 
patients) 

II (^Blockers) 

Esmolol (IV, rapid 
acting), metoprolol, 
propranolol 

Decrease AV nodal 

conduction (increased PR 
interval on ECG) 

Ventricular and 

supraventricular 

arrhythmias 

Bradycardia, AV block 

Ell (Potassium 
channel blockers) 

Amiodarone, sotalot 

Prolong ventricular action 
potential (increased QT 
interval on ECG) 

Treatment and 
prevention 
of ventricular 

arrhythmias 

Amiodarone: pulmonary 
fibrosis, hepatotoxicity, 
thyroid disease 

IV (Calcium 
channel blockers) 

Verapamil, diltiazem 

Decrease AV nodal 

conduction 

Supraventricular 

arrhythmias 

Constipation, bradycardia, 

AV block 

Other 

Adenosine 

Decrease AV nodal 

conduction 

Supraventricular 

arrhythmias 

Flushing, hypotension, chest 
pain 


Magnesium (Mg 2 *) 

Unknown 

Torsades de pointes 

Respiratory depression 


Cardiac Glycosides (e.g., Digoxin) 

Mechanism 

Blocks Na + -K + ATPase, resulting in increased intracellular Na\ The high 
levels of intracellular Na + reduce the activity of the Na*-Qp + exchanger 
and more C<r + remains intracellular. This high level of intracellular Ca-~ 
improves cardiac contractility (leading to higher cardiac output)* Digoxin 
also has some PS activity 7 and decreases AV nodal conduction velocity* 

Site of Action 

Membrane of cardiac myocytes. 

Uses 

Chronic heart failure, also atrial fibrillation* 




























Side Effects 

Arrhythmias, blurry yellow vision. Ibxicilies arc highly increased with 
hypokalemia (important because many patients taking digoxiu also lake furo- 
semide. a major cause of hypokalemia). 

Phosphodiesterase Inhibitors (e.g., Inamrinone, Milrinone) 

Mechanism 

Block the action of phosphodiesterase, leading to increased levels of cAMP 
and increased Ca 2+ flow into the cardiac myocyte, The result is increased car¬ 
diac contractility and cardiac output. Also cause some vasodilation. 

Uses 

Acute exacerbations of heart failure. 

Side Effects 

Arrhythmias. 


ANTIARRHYTHMItS 


Pharmacotherapy of arrhythmias is very complex (see 'table MO}, 


LIPID-LOWERING AGENTS 


Hyperlipidemia refers to increases in blood levels of lipoproteins and/or tri¬ 
glycerides. It is a major risk factor for CV diseases such as angina. Ml, and 
stroke. Several pharmacologic agents arc used to treat hyperlipidemia, and it 
is important to understand the key differences between the major classes of 
1 ipid-lowcriiigagents (sec 1 able Ml and f igure 1-72), 


TABLE 1-41. Commonly Used Lipid-Lowering Agents 


Ks.tMiu n ii m nmstntunji m»aim 

Drug Class 

Riiitirtniiiiniiiitmiiviiur^raKTniiiniiiiii 

Example(s) 

Mechanism LOL HDL 

TCs 

Side Effects 

H MG-Co A reductase 

Lova statin, pravastatin, 

Inhibit rate-determining step in 

m 

T 

A 

Increased LFTs, myositis 

inhibitors ("statins") 

simvastatin, atorvastatin 

cholesterol synthesis 





Bile add resins 

Cholestyramine, 

Bind bile salts m the intestine 

u 

— 

T 

Bad taste, bloating, 


colestipol 

thus preventing their 




constipation, impaired 



reabsorption (along with 




absorption of fat- 



cholesterol) in the intestine 




sol ubfe vitamins 

Cholesterol 

Ezetimibe 

Block absorption of cholesterol 

u 

— 

— 

Rarely increased LFTs 

absorption 

inhibitors 


in the small intestine 





Fibrates 

Gemfibrozil, fenofibrate, 

Increase synthesis of lipoprotein 

i 

r 

Ui 

Myositis, increased LFTs 


dofibrate 

lipase via activation of 
peroxisome proliferator-activated 
receptor-a (PPAR-ot) 





Other 

Niadn (nicotinic acid, 

Reduces secretion of VLDL 

u 

n 

l 

Flushed face (can be 

vitamin B 3 ) 

resulting in less formation of LOL 



prevented by aspirin) 
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Blood 


Gut 


HMG-CoA 

reductase 

inhibitors 


FIGURE i - 72. Overview of mechanisms of various lipid-lowering agents, (Modified, 
with permission, from Katzmig BG, Baric and Clinical Pharmacology* ed. New York: 
McGrriwd I ilk 2004: 2^9.) 


ANTICOAGULANTS 


Anticoagulants are used for the treatment and prevention of unwanted blood 
dotting, Examples include DVT, PE t and embolic stroke. They prevent clot 
formation by interrupting either the intrinsic (heparin) or extrinsic (warfarin) 
coagulation cascade. It is very important to understand the similarities and dif¬ 
ferences of heparin and warfarin (see Table 1-42). 

Heparin 

Mechanism 

Catalyzes the activation of anhthrombin III, thus decreasing the activity ol 
thrombin (factor lla) and factor Xa. Heparin activity is monitored with the 
partial thromboplastin time (PIT) because of its effects on the intrinsic 
coagulation pathway. Newer low-molecular-weight heparins (e.g«. enox- 
aparin) do not have to he monitored by laboratory tests. 

Site of Action 
Blood, 

Uses 

Ini mediate anticoagulation for DVT, PE. Ml, 

Side Effects 

Bleeding. Action of heparin is reversed with protamine sulfate (binds heparin 
and inactivates it). Rarely causes heparin-induced thrombocytopenia (HIT), 
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TABLE i-42. Comparison of Heparin and Warfarin 


Drug 

11 1 a (it u: • nrimuu iin nrai iiumtn i . ■, ■ m i ■ n ■ i < d ■ nln 1 1: u m m 11 uu^^n 

Heparin 

Warfarin 

Structure 

targe anionic polymer 

Small lipid-soluble molecule 

Route of administration 

IV, St 

Oral 

Site of action 

Blood 

Liver 

Onset of action 

Rapid (seconds) 

Slow, dependent on half-life of clotting factors. 

Mechanism of action 

Activates antithrombin til, reduces action of 

thrombin and Xa 

Vitamin K antagonist (impairs synthesis of factors 

IL VII, IX, and X) 

Duration of action 

Acute (hours) 

Chronic (weeks) 

Treatment of overdose 

Protamine 

Fresh frozen plasma 

Method of monitoring 

PTT (intrinsic pathway) 

PT (extrinsic pathway) 




MNEMONIC 


To remember that warfarin activity 
(affecting the extrinsic pathway) 
is measured with PT, think WEPT 
(Warfarin, Extrinsic, PT) 


Warfarin 

Mechanism 

Inhibits y carboxyiation of vitamin {(-dependent clotting factors (factors 1 !, 
VII, IX, and X, and proteins C and S). Warfarin affects the extrinsic coagula¬ 
tion pathway and is monitored clinically with the prothrombin time (PT). 

Site of Action 

Liver (site of synthesis of clotting factors). 


Uses 

Chronic anticoagulation (e.g., DVT' prophylaxis and in atrial fibrillation for 
stroke prophylaxis). 

Side Effects 

bleeding. Also, warfarin crosses the placenta, so it is contraindicated in preg¬ 
nancy (heparin is used instead). Overdose is treated with fresh frozen plasma 
(to supply fresh clotting factors). 


ANTI PLATELET AGENTS 


Drugs that have antiplatelet activity either inhibit platelet adherence to the 
vascular endothelium (adhesion) or platelet adherence to other platelets 
(aggregation). There are several agents used currentIv. Their major applica¬ 
tions are to prevent myocardial infarction and stroke (see f igure 1-73 for an 
overview of platelet activation). 

Aspirin 

Mechanism 

Acetykites and irreversibly inhibits cyclooxygenase (COX-1 and COX-2). This 
action prevents conversion of arachidonic acid to prostaglandins and throm¬ 
boxane A 7 . The result is decreased platelet aggregation. 











































Collagen 


Break in endothelium 


Platelet 


Abciximab 


Fibrinogen 


W 

Glycoproteins 


Binds to 
exposed 
collagen 


Activated platelets 


ADP 


5-H7 


Aspirin 

Clopidogrel 
—both inhibit 
glycoprotein 
expression 
in activated 
platelets 


FIGU RE 1-73. Factors influencing platelet activation. 


Site of Action 
In the platelet. 

Uses 

Prevention of Ml. 

Side Effects 

Gastric ulcers, bleeding, Reyes syndrome in children, tinnitus at very high 
doses. 

Clopidogrel and Ticlopidine 
Mechanism 

Irreversibly blocks ADP receptors on platelet membranes, thereby inhibiting 
platelet aggregation. 

Site of Action 

Platelet membrane. 

Uses 

Prevention of thrombosis following coronarv artery stent placement; stroke 
prevention. 

Side Effects 

Bleeding, Ticlopidine can cause severe neutropenia. 












Dipyridamole 

Mechanism 

Inhibits adenosine uptake by the platelet (secondary to blocking intra-platelet 
phosphodiesterase and increasing cAMP levels). The result is decreased plate¬ 
let aggregation. 

Site of Action 

hi the platelet. 

Uses 

In combination with aspirin to prevent stroke. 

Side Effects 

Bleeding. 

Abciximab 

Mechanism 

Binds to glycoprotein llb/llla receptor on platelets and prevents interaction 
between fibrinogen and llb/llla receptor. The result is decreased platelet 
aggregation. 

Site of Action 

Platelet membrane. 

Uses 

Prevention ol thrombosis during coronary artery angioplasty and stealing. 

Side Effects 

Bleeding, thrombocytopenia. 


THROW BOLYTICS 


Thrombolyties are used to lyse active clots in the circulation. Their basic 
mechanism is to increase formation of phnsmin, the intrinsic enzyme respon¬ 
sible for degrading fibrin clots* The tun most common applications for throm¬ 
bolytic agents are early MI and early thromboembolic (ischemic) stroke. 

Streptokinase 

Mechanism 

Indirectly activates plasminogen. Streptokinase first binds plasminogen, form¬ 
ing a 1:1 complex. This complex then catalyzes the formation of plasmin 
from another molecule of plasminogen. Streptokinase is not fibrin-specific (it 
activates free plasminogen that is not bound to fibrin clots). 

Site of Action 

Free plasminogen and fibrin-bound plasminogen. 

Uses 

Acute MI, stroke, PE. 
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Side Effects 

Bleeding (contraindicated in patients with active bleeding, recent surgery, or 
history of intracranial bleeds); allergic response (since it is isolated from bac¬ 
teria); it also loses efficacy after initial administration because patients become 
sensitized; a repeat dose is much less effective than the initial dose, 

Tissue Plasminogen Activator (tPA) 

Mechanism 

In contrast to streptokinase, tPA is fibrin-specific. Therefore it only activates 
plasminogen molecules that are bound to fibrin clots. It directly activates 
plasminogen. 

Site of Action 

Plasminogen bound to fibrin clots. 

Uses 

Acute MI, stroke, PE. 

Side Effects 

Bleeding; does not lose efficacy after initial dose (in contrast to streptokinase). 
Note: Fibrinolysis can be reversed with uininocaproic acid. 



Key Terms 
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The innermost concentric layer of vessel walls composed of a single layer of endothelial cells. 

Internal elastic lamina 

A dense elastic membrane separating the tunica intima and media. 

Media 

The middle layer of vessel walls composed of smooth muscle cells; it is supplied with 0 2 and 
nutrients by diffusion from the lumen and by vasa vasorum. 

External elastic lamina 

The outer limit of the tunica media, separating it from adventitia. 

Adventitia 

The outer layer of vessels, consisting of connective tissue and the vasa vasorum. 

Vasa vasorum 

Small vessels outside medium and large vessels that provide nutrients to the media. 

Internal elastic lamina 

A dense elastic membrane separating the tunica intima and media. 

Elastic arteries 

Large arteries (the aorta, its larger branches, and the iliac) characterized by a thick media containing 
efastin (necessary for elastic rebound to handle high pressures). 

Muscular arteries 

Medium-Sized arteries that comprise other branches of the aorta (coronary and renal), and are 
characterized by thick media containing mostly smooth muscle, which allows them to regulate blood 
flow to organs. 


( continued ) 




























Key Terms (continued) 


Arterioles 

The smallest arteries found within tissues, characterized by media only 1 or 2 smooth musde cells 
thick, that function to regulate blood flow to capillary beds and act as principal points of physiologic 
resistance to blood flow. 

Cardiac tamponade 

Compression of the heart due to fluid accumulation within the pericardium, leading to decreased 
cardiac output Symptoms include pulsus paradoxus, electrical alternans on ECG, and Beck's triad 
(hypotension, distant heart sounds, and JVD). 

Pulsus paradoxus 

A fall in systolic BP of > 10 mmHg with inspiration. 

Metabolic syndrome 

mil 111 III 1 |HfUHmmMMiHIIIWIHIitWjlHliaiK 

Abdominal obesity, elevated triglycerides, low HDL cholesterol, hypertension, insulin resistance, and 
prot hrom b ot i c/p roi nf la m m a tory sta tes, 


HYPERTENSION 


Defined ns BP > 140/90 mniHg measured on I wo separate occasions (normal 
BP is < 120/90 mmHg). Long-term sequelae include LV hypertrophy, aortic 
dissection, stroke, Clll\ CAD, and renal failure. Risk factors arc age, obe¬ 
sity, diabetes, smoking, genetics, and race (black > white > Asian). Classified 
according to the following etiology: 

Essential hypertension. Accounts for 95% of hypertension and is due to 
an idiopathic (unknown) cause. Controllable and generally asymptomatic 
unless complications develop 

Secondary hypertension. 1 lypertemkm secondary to an identifiable cause, 
such as renal disease, primary aldosteronism, Cushings syndrome, renal 
artery stenosis, or eclampsia. 

Malignant hypertension* Rapidly increasing BP (SBP> 200 rmnllg) lead¬ 
ing to death within 2 years if untreated. Small arteries become thickened 
and occluded, causing distal tissue ischemia, renal failure, retinal hemor¬ 
rhages, and sometimes papilledema. 

Hypertensive Vascular Disease 

1 lypcrtcnsion has adverse effects on the vascular system, producing a series of 
stereotyped pathologic changes. 

Benign Nephrosclerosis 

A common small-blood-vessel disease associated with hypertension. Affects 
elderly and diabetic patients, Arteriolar narrowing impairs renal blood supply. 

Hyaline Arteriolosclerosis 

Characteristic vascular lesion of benign nephrosclerosis. Hyaline thickening 
of the arteriole walls, causing narrowing of the lumen. As a result, arterioles 
appear pink on histology. 

Hyperplastic Arteriolosclerosis 

Small blood vessel disease associated with acute nr severe elevations of HP 
(malignant hypertension). Blood vessels have "onion skin” concentric thick* 
ening of the arteriolar walls with progressive lumen narrowing. In malignant 
hypertension, vessel walls also have necrotic deposits (necrotizing artcriolilis). 




















RENOVASCULAR HYPERTENSION 


Form of secondary hypertension characterized by renal artery stenosis which 
decreases glomerular blood flow and pressure. The decreased pressure acti¬ 
vates I lie RAAS, leading to increased BP. 

Renin-Angiotensin System 

Major endocrine regulatory system controlling BP via peripheral vascular 
resistance and sodium balance: Decreased renal blood flow causes increased 
secret ion of renin. Renin cleaves angiotensinogen to angiotensin I. Angio¬ 
tensin 1 is converted lo angiotensin I! bv ACE. Angiotensin II increases aldos¬ 
terone secretion (acts to increase Na + reabsorption by the kidney). Water 
follows the Na + , leading to increased body fluid volume and increased BP. 
Dysfunction of the system causes hypertension (hyperaldostcronism and 
Cushing’s disease). 

Fibromuscular Dysplasia (FMD) 

A disease resulting in narrowing of small and medium-sized arteries (primarily 
renal arteries) leading to hypertension. Often affects young women. 


ANEURYSMS 


Abnormal dilation of a blood vessel. 

True aneurysm. Aneurysm affecting all arterial wall components 
False (pseuclo-Jancurysm. A fibrous containment of blood that lias leaked 
into surrounding tissues following disruption of the arterial wall; often 
occurs following penetrating trauma or catlielcri/alion 

Abdominal Aortic Aneurysm (AAA) 

Most common form of aneurysm. Typically affects men > SO years old with 
atherosclerosis and occurs between I lie renal arteries and the aortic bifurca¬ 
tion, Classically presents as a palpable pulsating abdominal mass. They can 
become large, arc filled with blood, and may result in rupture (with subse¬ 
quent loss of massive amounts of blood into the peritoneal cavity), obstruction 
or compression of other structures, or release of emboli (resulting in stroke, 
MI). 


TABLE 1-43, Other Less Common Causes of Aneurysms 
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Inflammatory Caused by an inflammatory process of uncertain cause that weakens the wall of the aorta. It involves dense periaortic 
fibrosis containing abundant inflammatory cell infiltrate. 


Mycotic Caused by infection that weakens the wall of the abdominal aorta; due to complications of infective endocarditis, 

including release of septic emboli that lodge in vessel walls, adjacent suppurative processes spreading to the aorta, or 
circulating organisms directly infecting the arterial wall 


Syphilitic Caused by tertiary syphilis. Inflammation begins with the vasa vasorum of the aorta, causing narrowing of their 

lumina, leading to ischemic injury of the aortic media. The destruction of media causes the aorta to lose its elastic 
recoil and it begins to dilate (syphilitic aneurysm). Obliterative endarteritis is the destructive inflammatory process 
of syphilitic aneurysms that destroy the vasa vasorum of the aorta, leading to ischemic injury. 
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TABLE 1-44. 

Classification of Aortic Dissection 

Type 1 

Affects ascending and descending aorta. 

Type Jl 

Affects ascending aorta only. 

Type 111 

mniwutniiiiiiii 

Affects descending aorta only 


Marfan's Syndrome 

Thoracic aortic aneurysm or dissection is commonly seen in this connective 
tissue disease (see Tabic 1-45), 

Aortic Dissection 

Formation of a blood-filled channel within the aortic wall due to tearing of 
the aortic intima (due to cystic medial necrosis). Blood pushes into the space 
and creates a pocket that expands down the aorta. The blood becomes trapped 
in the second, pseudo-lumen. Rupture may result in the release of the trapped 
blood, and can cause hypovolemic shock (the major cause of death in aortic 
dissection). 

Hypertension, hound in 95% of patients with aortic dissection 
Connective tissue disease. Increased incidence of aortic dissection is seen 
with Marfan’s syndrome and Ehlers-Dantos syndrome (see Table 1-44). 


ATHEROSCLEROSIS AND ARTERIOSCLEROSIS 


Atherosclerosis 

Deposition of fatty material in vessel walls. Accumulated material hardens 
into plaques that can eventually occlude the lumen. Complications include 
plaque rupture, ulceration, or erosion through the vessel, which can induce 
thrombus formation or emboli (increasing the risk of stroke and Ml). Plaques 
weaken vessel walls, predisposing them to aneurysm formation (particularly 
aortic aneurysms), 

Atheroma 

Characteristic intimal lesions that protrude and obstruct vascular lumens and 
weaken vessel walls. Composed of a necrotic, soft yellow core of lipid (mainly 
cholesterol) covered by a fibrous cap. Develop from “fatty streaks" in large- to 
medium-sized muscular arteries (abdominal aorta > thoracic and major aortic 
branches) 

Risk Factors for Atherosclerosis 

Older age, male gender, family history, low physical activity, obesity, high 
stress, diabetes, cigarette smoking, and alcohol and saturated fat intake 

Response to Injury Hypothesis 

Theory describing the cause of atheroma formation. Endothelial injury allows 
adhesion of monocytes and platelets, then monocytes and smooth muscle 
cells migrate into the minim, and smooth muscle cells proliferate resulting in 
plaque formation. 

Arteriosclerosis 

Thickening and loss of elasticity (stiffening) of the arterial walls 













Monckeberg Medial Calcific Sclerosis 

A form of arteriosclerosis affecting people > 50 years old. Characterized by 
calcific deposits in the media of muscular arteries. Calcification does not 
obstruct the vessel lumen. Seen on x-rays and may be palpable, depending on 
the affected vessel 

Arteriosclerosis 

A form of arteriosclerosis affecting small arteries and arterioles. Causes down¬ 
stream ischemic injury due to narrowed vessel lumens. Associated with hyper¬ 
tension and diabetes mellitus. 


ARTERIOVENOUS FISTULA 


Abnormal communication between arteries and veins. Arises from develop¬ 
mental defects, vascular injuries, or may be iatrogenic (fistulas made to allow 
vascular access for hemodialysis). Pathology occurs if the arteriovenous shunt 
causes the heart to pump too much blnod, leading to high-output cardiac 
failure. 


VENOUS DISEASE 


Varicose Veins 

Abnormally dilated and tortuous veins, predominantly seen in the lower 
extremity. Caused by increased intraluminal pressure with loss of vessels wall 
support and deformed valves. Increased incidence during pregnancy 

Esophageal Varices 

Dilatation of the lower esophageal veins due to cirrhosis of the liver. Rupture 
of these veins leads to massive upper G1 hemorrhage. 

Hemorrhoids 

Varicose dilations of veins at the anorectal junction. 

Migratory Thrombophlebitis (Trousseau's Syndrome) 

i lypereoagulability secondary to malignancy resulting in venous thrombo¬ 
ses appearing at one site, disappearing, and then reappearing in other veins. 
Occurs as a paraneoplastic syndrome (lung, pancreas, and colon). 

Deep Vein Thrombosis 

Thrombosis occurring in the deep veins (usually the leg veins). High risk of 
thrombus dislodging and becoming wedged in the pulmonary circulation 
leading to sudden death (PE). 

Homans" sign. Pain elicited upon forced dorsi flexion of the foot; due to 
thrombi in the legs. Bedridden patients may show no other signs of deep 
venous thrombi. 

Hypercoagulable State 

Caused by malignancy, bypercstrogenism, pregnancy, factor V Leiden muta¬ 
tion (most common cause of inherited hypercoagulability)* protein C or S 
deficiency, antithrombin III deficiency, homoeystineniia, fibrinolysis defects, 
prothrombin gene mutation, prolonged immobilization, and smoking. 
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Virchow's Triad 

I lypercoagulable state, stasis, and vessel injury. 

Superior Vena Cava Syndrome 

Symptoms include cyanosis, sensation of facial/licnd fullness, and dilation of 
head, neck, and arm veins. Caused by neoplasms (bronchogenic carcinoma 
and mediastinal lymphomas) compressing or invading the SVC, leading to 
impaired drainage of the vessels above the level of the blockage. Often accom¬ 
panied by respiratory distress (pulmonary venous compression). 

Inferior Vena Cava Syndrome 

Obstruction of the IVC presents with edema in the legs, distention of the 
superficial veins of the lower abdomen, and if renal veins are involved, mas¬ 
sive proteinuria. Caused by neoplasms (liver and kidney cancers) or thrombi 
that compress or occlude the IVC. 


LYMPHATIC DISEASE 


Lymphangitis 

Acute inflammation of the lymphatic channels due to syslemic bacterial infec¬ 
tion. The lymphatics become dilated and filled with an exudate that extends 
through the wall causing cellulitis and abscess formation. Painful subcutane¬ 
ous red streaks (inflammation of the vessels) with an accompanying painful 
enlargement of lymph nodes can be seen. 

Lymphedema 

Obstruction of lymphatic drainage causing accumulation of interstitial fluid 
and dilation of the lymphatics up to the point of obstruction, edema, and a 
peau d'orange appearance of the skin. Subsequent rupture of the obstructed 
vessel can produce: 

Chylous ascites. Rupture into the peritoneum 
Chylothorax. Rupture into the pleural cavity 
Cliyloperieardhun. Rupture inio the pericardium 


CONGESTIVE HEART FAILURE 


Condition in which the heart is unable to eject the blood delivered to it typi¬ 
cally resulting in multiple systemic abnormalities affecting the lungs, liver, 
and kidneys. Results in increased end-diastolic volume, increased back pres¬ 
sure on the lungs {pulmonary hypertension and/or edema), and venous sys¬ 
tem congestion 

Signs and symptoms. Ankle edema, hepatomegaly, dyspnea, paroxysmal 
nocturnal dyspnea, orthopnea, and proteinuria 

Causes. Hypertension, valvular disease, H ID, and primary' myocardial dis¬ 
ease (left-sided heart failure). Left-sided heart failure is the most common 
cause of right-sided failure. 

Cor Pulmonale ("Pulmonary Heart Disease") 

Right-sided heart failure due to pulmonary hypertension not caused by left¬ 
sided heart failure. Most commonly results from pulmonary vasculature or 
parenchymal disease, acute PE, or restrictive lung disease. 









ISCHEMIC HEART DISEASE 


The most common cause of HID is narrowing of coronary arteries as a result 
of atherosclerosis (CAD). 

Angina Pectoris 

Chest pain that is typically crushing and substemal with radiation down the 
left arm. Accompanied by sweating, shortness of breath, nausea, and light- 
licadcdncss. Is a sign of ongoing ischemia or infarct. Can exist in three forms: 
stable, unstable, and variant {Prinzmetal’s). 

Stable angina. Chest pain occurring with exertion and relieved bv rest or 
nitrates; usually indicates > 75% stenosis 

Variant (PrinzmetalN) angina. Chest pain occurring at rest (including al 
night while lying in bed). Caused by coronary' artery vasospasm 
Unstable angina. Chest pain occurring with increasing frequency precipi¬ 
tated by little exertion or even at rest. Pain is more intense and lasts longer. 
Unstable angina is a predictor of worsening CAD. 

Myocardial Infarction 

Infarction of myocardial tissue due to complete vascular occlusion of a coro¬ 
nary' artery (often from a ruptured coronary artery plaque). Presents with typi¬ 
cal signs of angina. Complications include cardiogenic shock, pericarditis 
(5-5 days post-MI), arrhythmia (2 days post-MI), free wall rupture {4—10 days 
post-Ml L LV failure, and death. Diabetes and hypertension arc risk factors for 
sustaining a silent Ml (an Ml that does not cause pain). 

Evolution of an Ml, Infarctcd cardiac tissue undergoes coagulutive necro¬ 
sis, releasing inflammatory mediators and cardiac proteins into the blood¬ 
stream. As inflammatory cells move into tissue evidence of inflammation 
is seen. Vessel dilation and hyperemia occurs. Neutrophils migrate to 
necrotic tissue. Macrophages begin to accompany neutrophils and granu¬ 
lation tissue begins to form. Eventually inflammation decreases. Fibrosis 
and scar tissue replace normal cardiac tissue. 


VALVULAR HEART DISEASE 


Diseases of heart valves impose a hemodynamic burden on the heart by either 
restricting or obstructing the flow of blood. The most common valves affected 
arc I be aortic and mitral valves, with disease of the pulmonic and tricuspid 
valves not occurring as frequently. Abnormal valves arc also more likely to 
become infected, 

Rheumatic Fever 

An acute immunologic reaction following a group A streptococcal infection 
affecting multiple systems (including the heart valves). Results from hypersen¬ 
sitivity- reaction to M proteins. The cardiac manifestations include acute cardi¬ 
tis and valvular abnormalities (thickened valves, abnormal motion of valves, 
and valvular vegetations). 

Calcific Aortic Stenosis 

Repetitive stress and motion of the aortic valve result in fibrosis and calcifica¬ 
tion leading to stenosis of the AoV, which results in increase in both preload 
and afterload on the heart. Approximately 2% of the population have a bicus¬ 
pid AoV and are at a greater risk for developing calcific aortic stenosis. Associ¬ 
ated with a harsh crescendo-dccrcscendo murmur occurring during systole. 












Mitral Valve Prolapse 

Accumulation of degenerated ground substance on the leaflets and chordae 
results in MV incompetence. During systole the increased pressure exerted 
on the MY from the LV results in its prolapse into the LA. Increased risk with 
Marfan’s syndrome and other connective tissue disorders* Carries an increased 
risk of endocarditis, emboli, arrhythmias, and heart failure* The murmur is 
late systolic with a mid-systolic click. 


Infective Endocarditis 

Infection of the valve leaflets (or endocardium) causing a mass of thrombotic 
debris and infective material (vegetation) to develop on I lie valve. Signs and 
symptoms include Janeways lesions, Kolb's spots, Osiers nodes, nailbed hem¬ 
orrhages, fever, and anemia. Complications include chordae rupture, glomer¬ 
ulonephritis, pericarditis, and systemic emboli. Risk factors include abnormal 
valves, IV drug use (typically affecting the tricuspid valve), dental or other sur¬ 
gical procedures, and infection. 

Microbiology. S. aureus is the most common organism associated with 
acute infective endocarditis. Subacuie bacterial endocarditis is typically 
associated with less virulent organisms, most commonly a-hemolylic 
streptococci. Other bacteria include the Kiilerobactcriaccae and I IACEK 
organisms (Haemophilus, Actinobacillus, Cardiobactmum. Eikenella, and 
Kingella). 

Prosthetic cardiac valves. Can be cither biologic (bovine, porcine, or 
human) or synthetic. Any prosthetic valve carries a higher risk of infection 
and development of vegetations. Typical organisms are the coagulase-ueg- 
alive staphylococci (5, epidermiclis). 

Libnian-Sacks endocarditis. Sterile vegetations develop on the valve leaf¬ 
lets of patients with SLE. 


MYOCARDIAL DISEASE 


Myocarditis 

Inflammation of the myocytes. Can he infectious, immune-media ted (post- 
viral, poststreptococcal, or due to SLE or drug reaction), or idiopathic (sarcoi¬ 
dosis or giant cell myocarditis). 

Cardiomyopathy 

Primary disease of the myocardium, excluding other causes of heart disease 
(hypertension, valvular disease, congenital disease, and myocarditis); com¬ 
monly subdivided based on pathology: 

Dilated cardiomyopathy. Characterized by progressive cardiac dilation 
and hypertrophy resulting in diastolic dysfunction; Can be secondary to 
coxsackievirus infection, alcohol and cocaine abuse, nutritional distur¬ 
bances (e.g., beri-beri), and toxic drug insults (e.g., doxorubicin). A special 
form is termed peripartum cardiomyopathy and occurs laic in pregnancy. 
Hypertrophic cardiomyopathy. Also termed asymmetric septal hypertro¬ 
phy or idiopathic hypertrophic subaortic stenosis (HISS). Characterized 
by myocardial hypertrophy with abnormal diastolic filling and, in some 
instances, ventricular outflow obstruction. Known to cause sudden cardiac 
death in young athletes 

Restrictive cardiomyopathy. A disease of decreased ventricular compli¬ 
ance resulting in impaired ventricular filling. There are multiple eti¬ 
ologies, including endomyocardial fibrosis, eosinophilic endomvocar- 








dial fibrosis (Loeffler’s disease), and infiltrative diseases like amyloidosis, 
fibroelastosis, hemochromatosis, scleroderma, and radiation injury. 


CONGENITAL HEART DISEASE: LEFT-TO RIGHT SHUNTS 


Results in blood flow from the left sick 1 of the heart to the right side. It is the 
must common type of congenital heart disease. Cyanosis is not an early pre¬ 
sentation of this disease; cyanosis only appears late, after the disease produces 
sufficient pulmonary hypertension to result in reversal of the shunt, from right 
to left. 

Atrial Septal Defects (ASDs) 

'The most common type is the ostium secundum ASD, which occurs when 
(he septum secundum does not cover the ostium. Other ASDs are less com¬ 
mon and include the ostium primum type, which occurs if the septum pri- 
muni and endocardial cushions do not fuse. The least common is the sinus 
venosus ASD. A PFO exists in approximately 20% of the population and is 
typically asymptomatic. If audible, it results in a continuous diastolic murmur 

Ventricular Septal Defects (VSDs) 

The most common congenital heart defect, i lowcver, most VSDs close spon¬ 
taneously in childhood. Flic ventricular septum is formed by the fusion of the 
intraventricular muscular ridge and a thin membrane which grows downward 
from the endocardial cushion. The basal membranous region is the last por¬ 
tion to develop, and is the primary site for development of a VSD, If audible, 
it manifests as a con tun ions systolic murmur. 

Patent Ductus Arteriosus (PDA) 

Typically the ductus closes shortly after birth in response to increased arte¬ 
rial Q z , decreasing pulmonary vasculature resistance, and decreasing levels of 
prostaglandin E 7 . Results in a machtne-likc mum lit r. 


CONGENITAL HEART DISEASE: RIGHT-TO-LEFT SHUNTS 


These shunts are typified by cyanosis shortly after birth, as unoxygenated 
blood flows from the right to left, by passing the lungs. 

Tetralogy of Fallot 

The most common cyanotic congenital heart disease; consists of four compo¬ 
nents: ( I > VSD, (2} overriding aortic root, (?) RV outflow obstruction, and (4) 
RV hypertrophy 

Transposition of the Great Arteries 

The result of abnormal truncal separation, in which the aorta stems from the 
RV and the pulmonary artery from the left. 

Coarctation of the Aorta 

Narrowing of the aortic lumen, often associated with PDA, ASD, VSD, and 
Turners syndrome. Important lo distinguish whether the coarctation occurs 
pre-ductus arteriosus or posbductally. The pre-due tn I type presents in infancy. 
Can present as lower limb cyanosis, weak femoral pulses, and difference in 
BPs of the upper and lower limbs. 
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HEART MURMURS 

See Tabic 1-45. 


TABLE 1-4 5. Summary of Common Heart Murmurs 

Etiology 

Murmur and Characteristics 

Mitral valve prolapse 

Rumbling late systolic murmur with mid-systolic dick heard 
best at the apex. 

Mitral valve regurgitation 

High-pitched blowing, holosystolic murmur heard at the 
apex with radiation to the left axilla. 

Mitral stenosis 

Rumbling, mid-diastolic murmur with opening snap heard 
at the apex. 

Aortic regurgitation 

High-pitched, blowing or Austin Flint (low-pitched rumble) 
diastolic murmur heard at the left sternal border. Associated 

with a wide pulse pressure. 

Aortic stenosis 

Mid«systolic, crescendo-decrescendo murmur heard at the 
second intercostal space with radiation to the carotids. 
Associated with pulsus parvus et tardus. 

Atrral septal detect 

Diastolic, rumbling murmur with a split 52 heard at the 

sternal border. 

Ventricular septal defect 

Slowing, holosystolic murmur heard at the sternal border. 

Patent ductus arteriosus 

Continuous, machinery-like murmur heard at the left sternal 

border. Loudest at time of S2. 



PERICARDIAL DISEASE 


Processes ihai affect the pericardia! sac surrounding the heart. Pericardial dis¬ 
ease is often a sign of another underlying condition. Presenting complaints 
involve chest pain that worsens with tying back and improves by leaning for¬ 
ward. Physical exam may show a coarse sound (friction rub). Fluid collections 
within the pericardial sac can be visualized with an echocardiogram or ClT* 

Pericarditis 

Pericardial infection or inflammation. Typically infectious in origin (viruses 
are most common). Also seen with cardiac surgery, uremia, rheumatic Fever, 
SEE, or mediastinal radiation. 

Dressier\ syndrome. Pericarditis following an ML 

Cardiac tamponade. May progress to tamponade (a fatal condition). 

Pericardial Effusions 

Hu id accumulation between the heart and pericardium. Accumulation of 
fluid m a v I ead to d e c rea sc d h ea rt so u n d s. FI u i d w i th d rawn by pe ri ca rdi o c e i11 e- 




















sis (placing a large needle Iranscutaneously into the pericardial sac to remove 
Fluid) can be analyzed to determine the underlying cause. 

Serous, CHK hypoalbuminemin; serosanguineous as a result of blunt 
chest trauma or malignancy* 

Hemorrhagic* Ruptured aortic root aneurysm, ruptured myocardium, or 
pend rating trauma. 

Chylous. Mediastinal lymphatic obstruction. 


CARDIAC TUMORS 


'juniors affecting the heart arc rare. Presenting signs may be a new-onset 
heart murmur or signs of cardiac failure. They can be visualized with an 
echocardiogram. 

Metastatic Neoplasms 

Typically lung, breast, melanoma, and hematopoietic in origin. 

Primary Neoplasms 

Can be myxomas, lipomas, papillary elastofihromas, rhabdomyomas, angiosar¬ 
comas, and rhabdomyosarcomas. 

Myxomas, Benign tumors most commonly found in the IA May cause 
serious complications if a fragment embolizes. Can cause valvular 
abnormalities. 

Rhabdomyomas* Most common cardiac malignancy of infancy and child¬ 
hood. Associated with tuberous sclerosis. 
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] lomcoslasis is maintained through the coordination of complex communi¬ 
cation systems between cells, tissues, and organ systems. These interactions 
lake place locally or at a distance and are mediated by peptides, amines, and 
steroids. 

Site of Action 

Signals can be characterized based on the relationship between the site of 
secretion and the relative location of receptors (see Figure 2-1): 

Autocrine secretion: Released signal affects the cell from which it was 
secreted (e.g. T neoplastic growth advanced by growth factors (CFs) released 
by and acting on tumor —> autocrine loop). 

Paracrine secretion: Released signal acts upon neighboring cells that have 
the appropriate receptors (e.g., upon exposure to an allergen, histamine is 
released and acts upon blood vessels to induce vasodilation -> paracrine 
signaling). 

Endocrine versus exocrine signals: Endocrine signals arc carried in the 
bloodstream. Exocrine signals are carried in ducts. 


Endocrine cell 


i 



Hormone-specific 

receptor 


Endocrine signaling 


Interstitial space 



Paracrine signaling 



Autocrine 

signaling 



Intracrine 

signaling 


FIGURE 2 - \. Modes of intercellular signaling: Autocrine, paracrine, and endocrine. 

(Modified, with permission, from Molina PE, Ent/omnc Physiology, 2nd cd, New York 
McGraw-Hill, 2006: 5.) 
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Endocrine secretion: Released signal enters the bloodstream and acts on 
distant receptors (e.g., follicle-stimulating hormone [FSH] is secreted from 
the anterior pituitary and acts on granulosa cells of the ovary -» endocrine 
signaling). 

Exocrine secretion: Released signal enters duct and acts on epithelial sur¬ 
face of skin/gut {e.g., pancreas releases amylase into duodenum —» exo¬ 
crine secretion). 

Multifunctional signals: Signals can fall into multiple categories. They 
can produce different effects depending on the mode of action and the tar¬ 
get tissue. For example, testosterone released by the testes acts on muscles 
to stimulate growth (endocrine), but also acts on seminiferous tubules to 
promote spermatogenesis (paracrine). 

Types of Hormones by Mechanism of Action 

Hormones fall into three classes of molecules: Peptides, steroids, and amines. 

Each class differs in precursors, site of synthesis, plasma transport, and mode 

of action (see 'I able 2-1). 

Peptides and proteins: Prcprohonnone typically synthesized by rough 
endoplasmic reticulum (RF.R) —»signal peptide cleavage in RF.R produces 
Prohormone —> transport within Golgi apparatus results in further process¬ 
ing and final active hormone structure —> stored in secretory vesicles —» 
released via cxocytosis —> enter bloodstream (water soluble) —> act on cell 
surface receptors of targe! tissues —» act via second messenger systems 
(fast-acting effects) 

Steroids: Synthesized from cholesterol on demand (not stored) —> lipid 
solubility allows for rapid diffusion across membrane —» transported in 
bipod bound to carrier plasma proteins because of limited solubility —» 
diffuse across target cell membrane —> bind intracytoplasimc protein 
receptors —» resultant steroid hormone-receptor complex enters nucleus 
and activates transcription of specific genes —» acts via new protein syn¬ 
thesis (slow-acting effects that require Iranscription/translation of new 
proteins) 



KEY FACT 


The pancreas has both endocrine 
and exocrine junctions. Its exocrine 
role includes facilitating the 
chemical digestion o( food, while 
the endocrine pancreas regulates 
glucose metabolism. 



KEY FACT 


Endocrine signals enter blood. 
Exocrine signals are released into 
ducts. 


table 2-1* Peptide and Steroid Hormones 



Peptide/Photein Hormones 

Steroid 

Precursors 

Amino acids 

Cholesterol 

Site of synthesis 

Rough endoplasmic reticulum 

Smooth ER 

Storage 

Yes (stored in vesicles) 

No (produced on demand) 

Carrier proteins 

No (majority soluble in blood) 

Yes, bound to carrier proteins 

Location of receptors 

Target cell membrane 

Intracytoplasrmc and transported 
into nucleus (steroid) 

Signal propagation 

Via second messengers 

Via new gene transcription 

Kinetics 

Fast acting ± long-term 
actions 

Slow acting 

Examples 

ACTH, LH, insufin 

Estrogen, testosterone 
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Amines: Synthesized from tyrosine precursors. Examples of amine hor¬ 
mones include thyroid hormone, epinephrine, and norepinephrine. Epi¬ 
nephrine and norepinephrine are synthesized, stored, released, and act on 
largely in a manner similar to peptide hormones. Thyroid hormone com¬ 
bines aspects of peptide and steroid hormones. 

Plasma Transport of Lipid-Soluble Hormones 

Peptide and protein hormones are soluble in circulation, hut most steroid and 
thyroid hormones arc hydrophobic. In order for these hormones to be soluble 
and to circulate m blood, they are bound to plasma proteins. These carrier 
proteins, produced by the liver, are both nonspecific and specialized for a 
given hormone. 

Example: Corticoslcroid-bi tiding globulin lias a greater affinity for cortisol 
and aldosterone than other steroid hormones. Conversely, albumin is rela¬ 
tively nonspecific, binding a variety of steroid hormones with equal affinity 
(see Table 2-2). 

Carrier proteins allow for another level of control within the signaling net¬ 
work, as hormone-protein complexes are unable to diffuse across membranes 
and activate target cells. Instead, an equilibrium exists between free and 
bound forms of hormone. Only free hormone is biologically active (i.e., it 
is able to diffuse across the plasma membrane and activate receptors). The 
amount of tree hormone in plasma, therefore, determines how much hor¬ 
mone is available to target tissues. 

Peptide Hormones: Second Messenger Pathways 

Peplide/protein hormones stimulate membrane-bound receptors on target 
cells, generating conformational changes in the surface receptors, Activation 
of the hormone receptors results in intracellular propagation of the signal via 
the action of second messengers (sec Table 2-5). The major second messenger 
systems include: 

Adenvlate cyclase mechanism: Hormone hinds G-protem coupled recep¬ 
tor (CPCR) —> activated G protein (G s ) stimulates adenylate cyclase (AG) 
—> AC catalyzes formation of cAMP —> cAMP activates protein kinase A 
(PKA) —> PKA exerts downstream effects via phosphorylation 


table 2 - 2 . Hormone Transport Proteins 


Carrier Protein 

Hormone Transported 

Serum Concentrations 

Co rt i coste roid-bi nd i ng 
globulin (CBG) 

Cortisol, aldosterone 

l in cirrhosis, nephrotic 
syndrome, and hypothyroidism. 

Sex hormone-bin ding 
globulin (5HBG) 

Estrogen, testosterone 

T by estrogen, OCPs, and 
exogenous thyroid hormone. 

Thyroxine-binding globulin 
(TBG) 

Thyroxine, 

triiodothyronine 

T by estrogen, pregnancy, and 

OCRs. 

Serum albumin 

Nonspecific steroid 
transporter, thyroxine, 
and triiodothyronine 

1 in cirrhosis, nephrotic 
syndrome, and protein 

malnutrition. 
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TABLE 2 - 3. Signal Propagation Mechanisms 


nmiijimirtMTOrmmrintN 

Adenylate 

Cyclase 

utm mmni miimintutttu uirumi it i 

Inositol 

Triphosphate (IP 3 ) 
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Janus Kinase (JAK)/Sicnal 
Transducer and Activator 

of Transcription (STAT) 

Intracellular 

Receptor 

hCC 

CHRH 

Growth hormone 

Glucocorticoids 

T5H 

Oxytocin 

Erythropoietin 

Estrogen 

LH and FSH 

GnRH 

Leptrn 

Testosterone 

ACTH 

TRH 

Cytokines 

Progesterone 

CRH 



Vitamin D 

Calcitonin 



Triiodothyronine 

PTH 




Glucagon 

tfEtuuuf nr mi tit iiti iu mutt 
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Phospholipase C mechanism: Hormone binds GPCR —» activated G 
protein (G C( ) stimulates phospholipase G —> phospholipase C cleaves 
membrane lipids, producing inositol triphosphate (IP-) and diacvlglvc- 
erol (DAG) —> IP- opens calcium channels in endoplasmic reticulum, 
releasing calcium into cytoplasm calcium and DAG facilitate acti¬ 
vation of protein kinase C iPKC) —» PKC exerts downstream effects via 
phosphorylation 

(AK/STAT mechanism: 1 lormonc binds cell surface receptor activated 
Janus kinases fJAKs) phosphor) late tyrosine residues on surface receptor 
—» signal transducers and activators of transcription (STATs) recruited and 
phosphorylaled by JAKs —> activated STATs dimerize and translocate to 
nucleus —> modify gene expression 

Regulatory Control 

Receptor up- and down regulation: Target cells can uprcgulalc/downregu- 
late tlie number of receptors or receptor affinity for their ligands. 

Negative feedback: A hormone or product of hormone signaling acts on 
an upstream endocrine organ to suppress further release of the original 
hormone. Feedback inhibition can occur via alterations in gene transcrip¬ 
tion, post translational processing, or hormone release (see Figure 2-2). 
Positive feedback: A hormone can effectively increase or decrease its own 
release via reinforcing properties along its endocrine axis. 

Hormones may exhibit both positive and negative feedback controls 
(e,g + , estrogen inhibits luteinizing hormone [LH] release during the 
follicular phase of tlie menstrual cycle [negative feedback], but at mid¬ 
cycle promotes the LH surge and ovulation [positive feedback]). 


KEY FACT 


Hypothalamic and posterior pituitary 
hormones such as gonadotropin- 
releasing hormone (GnRH), 
thyrotropin-releasing hormone 
(TRH), and oxytocin, respectively 
use IP 3 (exception: corticotropin- 
releasing hormone [CRH]), whereas 
anterior pituitary hormones like 
TSH, adrenocorticotropic hormone 
(ACTH), and melanocyte-stimulating 
hormone (MSH) use cAMP. 
Antidiuretic hormone (ADH) uses 
both mechanisms. 


HYPOTHALAMIC-PITUITARY AXIS 


Hypothalamus 

The hypothalamus is also known as the “master gland/' It is located below tlie 
thalamus and above the pituitary gland, which is its the sella turcica. It con¬ 
tains several nuclei derived front netiroectoderm. liacli nucleus contributes 
to maintaining homeostasis: water balance, body temperature, hunger, thirst, 
and emotions. The hypothalamus links the nervous system to the endocrine 
system, primarily through the pituitary gland. Ultimately, the hypothalamus 
regulates the timing and amount of pituitary hormones secreted. 













tn empty sella syndrome, the 

bony structures encompassing the 
pituitary are flattened, giving the 
impression of an enlarged and 
empty sella* Manifestations may 
include headache and, occasionally, 
endocrine dysfunction. 



Thyroid 


figure 2 * 2 , Feedback regulation. ( Modified, with permission, from Kasper I )t 
Hraumvakl K, Kmci AS, dal , Harrison’s Principles ofinlenwl Medicine, 16 th ed, Nui\ York: 
McGraw-Hill, 2QQ5t 2071) 



In Sheehan's syndrome, 

postpartum hemorrhage causing 
hypovolemic shock results in 
ischemic necrosis of the pituitary. 
This results in a loss of ACTH 
secretion, followed by losses of FSK 
LH, and finally thyroid-stimulating 
hormone (TSH) secretion. 



KEY FACT 


Damage to the pituitary stalk leads 
to decreased secretion of all pituitary 
hormones except prolactin (PRL), 
whose secretion is increased. 



Craniopharyngioma is a slow- 
growing tumor derived from 
remnants of Rathke's pouch. 


The hypothalamus exerts direct control over anterior pituitary lion nunc secre¬ 
tion via rdeasing/lnliibiting factors (see Table 2-4), These factors are synthe¬ 
sized by neural cell bodies in the hypothalamus, stored in granules at axon 
terminals, and released into the hypodiaIam<>h\pophyseal circulation. Rcleas- 
ing/inhi biting factors include: 

* CRH 
n TRII 

Growth hormone-rd easing hormone (CHRH) 

- GnIUI 

Somatostatin (inhibitory) 

Dopamine (inhibitor)') 

Pituitary 

The pituitary, or hypophysis, is composed of two cmbryologically and mor¬ 
phologically distinct glands {anterior and posterior) connected to the hypo¬ 
thalamus by the hypophyseal stalk. The gland rests in a bony cavity at the base 
of the brain called the sella turcica (sec Figure 2-3). 

Anterior Pituitary 

The anterior pituitary forms from the embryonic invagination of pharyngeal 
epithelium (oral ectoderm) called Rathkcs pouch. It is composed of five dif¬ 
ferent hormone-producing cell populations, all of which are regulated by 
hypothalamic releasing and inhibiting hormones, The neurons that secrete 
these releasing hormones converge in the median eminence of the hypothala¬ 
mus, and act directly on the anterior pituitary' via the hypophyseal circulation. 

The hypophyseal circulation constitutes a portal system, enabling high 
concentrations of hypothalamic releasing factors in the anterior pituitary, 
but near-undetectable levels elsewhere in the bodv. 














TA 8 L E 2 - 4. Overview of Hypothalamic Hormones 
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Hormone Structure 

Actions 

i mil t ii mi i LTiftrvfNiMHsvtttmiikmil 

Regulation 

Cort ico tropin -rel ea sing 

hormone 

Peptide 

Induces release of 

ACTH 

Cortisol (-) 

Go n a d ot ropi n-releasing 
hormone (GnRH) 

Peptide 

Induces release of LH 

and FSH 

Testosterone (-), 
progesterone (-) 

Growth hormone-releasing 

hormone 

Peptide 

Induces release of GH 

CHRH (-) 

Somatostatin (growth 

hormone-inhibitory 

hormone) 

Peptide 

Inhibits release of GH 

Somatomedins 

(+). GH (+) 

Prolactin-inhibiting factor 
(dopamine) 

Amine 

Inhibits release of 
prolactin 

Prolactin (+) 

Thyrotropin-releasing Peptide 

hormone 

Induces release of TSH 

and prolactin 

*j UtUJUM III 1 IttIJIttHItt lUIlKIUtlHili 


Posterior Pituitary (Neurohypophysis) 

The posterior pituitary forms from ncurocctoderm derived from the hypothal¬ 
amus. During development, it fuses with Ruthke’s pouch. The posterior pitu¬ 
itary. composed of neural tissue, releases hormones in response to neuronal 
input {no! releasing hormones)* 


Third 

ventricle 


Neuroendocrine 
cell nuclei 


Superior 

hypophyseal 

artery 


Long portal 
vessels 


Trophic hormone 
secreting cell 

Anterior 

pituitary 



Hypothalamus 


Posterior 

pituitary 


Inferior 

hypophyseal 

artery 


Short portal vessels 
Hormone secretion 



figure 2 - 1 , (A) Pituitary gland and (B) pituitary gland (white arrowhead) in sella turcica on T1 -weighted Mftl.! Part \ modified, 

willi permission, from Kasper DL, ftramm.dd H, Fauci AS. ct al, Harrisons Principles of Internal Metliviiui, IfilL tret. New York; VkGr.m- 
I MIL 2005: 2072. Pari 13 reproduced, wilh permission, from Lulwani AK, Current Diagnosis C~ Tnedl/uni/ in Otolaryngology / had ami 
Neck Surgery, New York: McGraw-Hill, 2004: 45. ) 


















KEY FACT 


Anterior pituitary is derived from 
oral ectoderm. Posterior pituitary is 
derived from neuroectoderm. 



MNEMONIC 


Basophihproduced hormones: 
FLAT BASt? 


Fsh 

Lh 

Acth 

Tsh 

BASophils 



Prolactinomas are the most 
common pituitary tumors. Female 
patients present with galactorrhea 
and amenorrhea* 


Anterior Pituitary Cell Types and Regulation 

The adenohypophysis is composed of five major cell types, each of which pro¬ 
duces one or more peptide hormones (see Table 2-5), 

Cell populations of the anterior pituitary can be further generalized according 
to reactions to liistocheinical stains* Periodic acid-Schiff (PAS) stain identifies 
three groups: Acidophils (stain orange), basophils (slain purple), and chromo¬ 
phobes (nostain reaction). 

Acidophils: Lactotropes (PRL), somatotropes (growth hormone) 

Basophils: Thyro tropes {TSH) t corticotropes {ACTII), gonadotropcs 
(FSH, LH) 

Chromophobes; "limp tv” cells (lack cytoplasmic granules); may he for¬ 
mer acidophils or basophils after release of hormone-containing granules 

Anterior Pituitary Hormones 
Prolactin 

PRL is structurally homologous io growth lion none (GH) and human placen¬ 
tal lactogen (HPL). It is synthesized in ihe KER by lactotropes, 

Suckling stimulates PRL secrciion. 

Dopamine lonically inhibits PRL secretion, 

PRL, promotes additional breast development during pregnancy (in con¬ 
cert with several other hormones) in preparation for milk production, stim¬ 
ulates lactation (primary role), and inhibits ovulation through its effects on 
GnRH. 

Thus, PRL levels arc low in the nonpregnant woman or pregnant woman 
prior to suckling (see Figure 2-4), 




MNEMONIC 


Somatostatin Stops GH production, 
so it is "soma Ecstatic" 


Growth Hormone 

Gi l is a polypeptide hormone whose main function is to promote linear 
growth, 

GH is also referred to as somatotropic hormone or somatotropin, 

GU release is under hypothalamic regulation: GHRII promotes and soma¬ 
tostatin inhibits GH release, 

CM acts directly on tissues; its growth-promoting effect is primarily 
mediated via insulin-like growth factor-1 (IGF-1) formerly known as 
somatomedin. 

IGF-1 is produced by the liver in response to GH, 

GH and 1GF-1 produce metabolic changes that stimulate growth of tis¬ 
sues (see Table 2-6 for direct and indirect effects of GH ), 


table 2 - 5. Anterior Pituitary Hormones 


Cell Type 

PAS Stain Pattern 

Hormone 

Target Organ 

Lactotropes 

Acidophil 

Prolactin 

Ovaries, mammary glands 

Somatotropes 

Acidophil 

Growth hormone 

Liver, adipose tissue 

Thy rot ropes 

Basophil 

TSH 

Thyroid 

Corticotropes 

Basophil 

ACTH 

Adrenal gland 


Gonadotropes 


Basophil 


FSH, LH 


Ovaries, testes 





















figure 2 - 4 * Regulation of prolactin. DA - dopamine. 


The metabolic effects of Cl I include increased protein synthesis and Fat 
utilization, and decreased glucose uptake into tissues. 

GH is not as selective for target tissues as other pituitary hormones; if 
exerts its effects throughout most of the body. 

Cl I is secreted in a pulsatile pattern; at any moment in time, serum 
GH concentrations arc usually low* After adolescence, GH production 
decreases, but continues a I a lower rate during adult life. 

GH is under hypothalamic control, but also responds to exercise, trauma, 
and acute hypoglycemia (sec Figure 2-5 for regulation). 

GH, like glucagon, cortisol and epinephrine, is a coimtettegulafory hor¬ 
mone that is released in response to hypoglycemia. Counterregulatorv hor¬ 
mones increase scrum glucose levels by promoting glycogenolysis, gliico 
ncogencsis, lipolysis, and ketogenesis. 



Excessive GH secretion from 
a pituitary adenoma results in 
acromegaly that causes overgrowth 
of the face, extremities, and 
visceral organs, and may cause 
hyperglycemia (glucose intolerance 
or frank diabetes mellitus [DM]), 



table 2*6. Effects of Growth Hormone (CH) and Insulin a ike Growth Factor* 1 (IGF-1) 


BuuUtttCBttnUttiiiiinucEniisfertiirt HMNM ■ 1 it inwirntmitflfftiil 1 

Direct Effects of GH 

Indirect Effects of GH (Through IGF-T) 

Decreases glucose uptake 

Stimulates protein synthesis at the organ 

(counterregulatory effects). 

level. 

Stimulates protein synthesis in muscle. 

Stimulates protein synthesis in muscle. 

Mobilizes fatty acids. 

Increases protein synthesis in chondrocytes 
(promotes linear growth). 

Increases lean body mass. 

Increases lean body mass. 


Gigantism occurs if a pituitary 
adenoma develops prior to growth 
plate fusion. Patients are excessively 
tail. 


Promotes IGF* l secretion. 


































Excess ACTH may be produced 
by pituitary adenomas or ectopic 
sites, such as small cell care nomas 
of the fung. Individuals with 
supfaphysiologic levels of ACTH 
exhibit the features of Cushing's 
syndrome 



Addison's disease, or primary 
adrenal insufficiency, results in 
elevated ACTH levels. Patients 
have hyponatremia, volume 
depletion, hyperkalemia, 
hypotension, weakness, and skin 
hyperpigmentation (increased 
MSH). 



Secondary and tertiary adrenal 
insufficiency caused by pituitary or 
hypotMamic damage, respectively, 
cause cortisol deficiency but do 
not cause hyperpigmentation 
(decreased ACTH, and thus 
decreased MSH), Because 
aldosterone secretion is primarily 
regulated by the renin angiotensin 
system (RAS), these patients do 
not typically have hyponatremia and 
hyperkalemia. 



Sfeep 

Hypoglycomia (+) 
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Adipose tissue 
4 GEucose uptake 
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t 




Chondrocytes 
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t Chord roitin sultate 
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f Celt size and number 


FIGURE 7 - 5 . GH regulation. Kmc Ion lh;il nthihil Cl I secretion are Kill .nut som.ilosliilm 

iSS) Karims dial promote GH see ret ion are Cl IRM. hypoglycemia, exercise, stress, sleep, ami 
amino at ids {arginine and leucine). (Modified, with permission, from Molina Phi, Endtt- 

erf mi? Physiology, 2nd ed. York. PA: McGrawd lit!, 200$: 56. j 


ADRENOCORTICOTROPIC HORMONE 

AC TH is a polypeptide hormone that stimulates corticosteroid production by 
the adrenal cortex. 

ACrm is synlhesized by eorticotropes in 1 lie aiilerior pituitary gland in 
response to stimulation by CRf L 

ACTH is synthesized from a larger precursor, proopiomelanocortin 
(POMC); p-lipotropin and [i-cndorpliin arc also derived from POMC (sec 
Kigure 2-6), 

A bioactive moiety, a-MSI L is present on the N-tcrminal end of ACTH. 
ACTH regulates the size, integrity, and synthetic function of the adrenal 
cortex. 

Anterior Pituitary Hormone Homology 

The anterior pituitary gland produces six major hormones that can be classi¬ 
fied into three groups based on structural homology. 

I ACTH — } _ 

MSH 

F—-—-POMC-1 

FIGURE 2 - £ , Composition of proopiomelanocortin (POMC). MSI 1 - OHuebnocyto 
sMini dating hormone. 























table 2 - 7. Summary of Anterior Pituitary Hormone Function and Regulation 


Hormone Structure 

kuninmitr1111iiif rriTiiitm— iniiif ni iii iHTnuuiiniiMninimuiuiuuiii hihut mi, 

Actions 

utiiFiiptRBFrmiuuiiiiiMrcc«ii«itmuiutf*MaJ liifiilmi tun 

Regulation 

Adrenocorticotropic hormone 
(ACTH) 

Peptide 

Induces synthesis of adrenal cortical hormones 
(cortisol, androgens, aldosterone). 

Cortisol (-) 

Follicle-stimulating hormone 
(FSH) 

Peptide 

Stimulates follicle growth in ovaries and sperm 

maturation in testes. 

Inhibin (-) r estrogen (-)• 
progesterone {-) 

Luteinizing hormone (LH) 

Peptide 

Promotes testosterone synthesis in testes; surge 
causes ovulation; promotes estiogen/progesterone 
synthesis in ovaries. 

Testosterone (-), estrogen (+/-), 
progesterone (-) 

Growth hormone (GH) 

Peptide 

Promotes protein synthesis and tissue growth. 

Somatomedins (-) 

Thyroid-stimulating hormone 
(TSH) 

Peptide 

Stimulates growth of thyroid gland and synthesis 
and secretion of thyroid hormones. 

Thyroid hormones (-) 

Prolactin 

Peptide Causes milk production in breast. 

—miiniiiiiiiiiiiiiiiimiiiimiiMinmmiiiiiiiw—i—iaiM — .mmniiirniinunmniiiinin ma 

Dopamine (-), TRH (+) 


Glycoproteins: FSH, LI 1, and TSH arc each comprised of a and [i sub- 
units. They share an identical a subunit, but each has a unique [3 subunit 
(see Table 2-7), 

Somatomammotropin^: GH and PRL are structurally related peptide hor¬ 
mones that belong to the same cytokine-hematopoictin family. 

ACT! [-related peptides: ACT! I, MSI I, and lipotropin arc formed by 
cleavage of a single large precursor molecule (POMC). 


Posterior Pituitary 

Hormones of the posterior pituitary arc synthesized by hypothalamic neurons 
and transported via axoplasmic flow to axon terminals in the posterior lobe 
of the pituitary. These hormones include oxytocin and ADH, also referred to 
as vasopressin. TIic hypothalamic nuclei responsible for hormone production 
arc the paraventricular nuclei and supraoptic nuclei. 

llormonc-producing neurons are referred to as inagnocellular neurons 
because of their large cell bodies (see Figure 2-7). 

Oxytocin and ADH are synthesized from larger precursors (prohornioncs)* 
which arc enzymatically cleaved within vesicles to produce active hormone. 
Release of oxytocin or ADI [-containing granules is regulated by exogenous 
and endogenous stimuli, which arc transformed into CNS signals. 



KEY FACT 


Hormones of the anterior pituitary 
are regulated by releasing/ 
inhibiting factors secreted into the 
hypophyseal circulation. Posterior 
pituitary hormones are controlled by 
neurotransmisston. 


Oxytocin 

Two main actions (see Figure 2-8): 

Promotes uterine contractions during labor 

Stimulates contraction of myoepithelial cells in the breast facilitating milk 
delivers to suckling infant 

Exogenous stimuli drive oxytocin secretion; signals include suckling of infant 
on breast and dilation of cervix (as in ch ildbirth ). 



Oxytocin promotes contraction of 
the myometrium and is often used 
in obstetrics to induce or augment 
labor. 
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Supraoptic 

nucleus 

Optic 
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FIGURE 2-7* Hypophyseal circulation and associated nuclei* 


Antidiuretic Hormone 

ADI I plays a central role in osmoregulation, 

'Hie osmotic concentration of extracellular fluid (FCF) is sensed by spe¬ 
cialized neurons within or adjacent to the hypothalamus. The size of these 


PVN and SON 

+ 


Fear, pain, 
nofse H fever rX 


y ev ^ + 



Posterior 

pituitary 


Oxytocin release 


Stretch of cervix 
end of pregnancy 



figure 2 - b , Oxytocin effects and regulation* PVN - pareventricular nuclei; SON 
supraoptic nuclei, £ Modified, with permission, from Molina PK, Lange Endocrine Physiology, 
2nd ed . New York: McGraw-Hill, 2006: ?5.) 
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J Plasma osmolality 


| Plasma volume (>10%) 



Intracellular signaling 

V2 receptor --- \ camp 



FIGURE 2-9, ADH signaling and aquaporin insertion. 


neurons changes with extracellular osmolality, resulting in nerve signals 
increasing/decreasing ADH secretion. 

ADM secretion increases in hyperosmolar conditions. 

AOH increases permeability to water in the distal tubules and collecting 
ducts of the kidney, thereby increasing water reabsorption and decreasing 
plasma osmolality. 

ADI l triggers water channel insertion, which allows water (and urea) to be 
passively absorbed: 

11 stimulates membrane-bound V2 receptors, which triggers an increase 
in intracellular eAMP. Special vesicles containing aquaporins (perme¬ 
able water pores) arc inserted into the luminal aspect of the cell mem¬ 
brane. free diffusion of water occurs from tubule to peritubular thud, 
decreasing DCF osmolality (see Figure 2-9), 
lit addition to the stimulus of increased ECF osmolality, ADI1 is secreted 
in response to large decreases (> 10%) in blood volume (see Table 2-8). 


table 2-8, Factors Affecting Secretion of ADH 

Increase ADH 

Decrease ADH 

Secretion 

Secretion 

T Plasma osmolality 

1 Plasma osmolality 

i Plasma volume 3 

T Plasma volume 3 

■l BP T BP 

ttitHtmmtim 1 Inn I ii II m ml 1 1 i F Jtll I i ill'll 1 111 1 llli i imim i rtnuBistiiiiil lUtirtmirti i 


3 ADH secretion is affected by large changes in 
plasma volume. 



The syndrome of inappropriate 
(51 ADH) has many causes. Tumors, 
including small cell carcinoma of the 
lung, can result in paraneoplastic 
syndromes. Tumor production of 
ADH results in abnormally high 
levels of ADIT and hyponatremia. 



Diabetes insipidus (Df) is 

characterized by a deficiency of 
ADH, which may be due to a 
host of factors including tumors, 
trauma, pituitary surgery, and 
inflammation. Dl can be central 
(due to decreased ADH production) 
or nephrogenic (due to decreased 
renal responsiveness to ADH). The 
latter may be caused by medications 
(eg., lithium). 



Decreased ADH production can also 

be due to primary polydipsia. 

Increased water intake results in 
a physiologic reduction in ADH 
secretion. 
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At high concentrations, ADH constricts arterioles through the VI receptor. 
Consequently, ADI 1 is also referred lo as arginine vasopressin. 

When blood toss occurs, ADI I secretion is stimulated bv signals from atrial 
stretch receptors and baroreceptors. 

Hypovolemia with resultant reduced atrial stretch results in decreased 
secretion of atrial natriuretic peptide (ANP). Low levels of ANP sup¬ 
port increased secretion of ADI I. 

Baroreccptors of the aortic arch and carotid sinus sense decreased arte¬ 
rial pressure due to hypovolemia, resulting in decreased afferent signals 
to the medulla and consequent increase in ADH secretion and sympa¬ 
thetic stimulation. 

Unlike the RAS, which responds to subtle variations in circulating 
volumes, ADM secretion responds only to large decreases in blood 
volume. 

Pituitary Tumors 

Pituitary tumors may consist of hypcrsccreting, hyperproliferalive adenomas 
or hyposecreting adenomas (30%-40%). Syndromes arc due to the effect of 
excess hormone if present, suppression of other hormones due to compres¬ 
sion, and/or elevated intracranial pressure due In mass effect. 


ANTERIOR PITUITARY DISEASE 


Prolactinoma 

The average age of onset is 20-40 years. This tumor accounts for 50% of pitu¬ 
itary adenomas, and is characterized by hypersecretion of Pill - The character¬ 
istic elevated PRL induces lactation, which in turn inhibits Cnlll!. Decreased 
Guilt 1 leads to decreased FSII and U I, which are in turn responsible for I he 
signs seen on presentation. Other causes of elevated PRL include nipple slim* 
illation (as estrogen and progesterone block PRL's action on its target tissues, 
breast and ovaries). 

Dopamine tonically inhibits the anterior pituitary, so its depletion or phar¬ 
macologic antagonism disinhibils the anterior pituitary and Pill., production. 
Excess PRL arises in the context of pathologic inhibition of dopamine pro¬ 
duction (hypothyroidism), and drugs that inhibit the synthesis of dopamine 
or drugs that deplete dopamine (rcserpinc, mclhyldopa). In hypothyroidism, 
elevated TR11 stimulates the anterior pituitary lD upregulatc PRL production. 

Presentation 

Amenorrhea, infertility, galactorrhea; decreased libido and osteopenia due to 
decreased estrogen in women; impotence and gynecomastia in men. 

Diagnosis 

Serum chemistry; Elevated PRL. Rule out false-positivcs by screening for 
hypolhyrodism, pregnancy, anliemelic/antipsychqtie medications, renal 
failure, stress, high-carbohydrate diet, and cirrhosis as causes, 

GTscan or MR1 to identify mass lesions. 

Treatment 

Asymptomatic patients without headache or hypogonadism can be fol¬ 
lowed with serial Mills, 

Symptomatic patients can be offered medical therapy with dopamine 
agonists such as bromocriptine, or surgical resection and radiotherapy if 
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hiinor causes significant compression or disease is unresponsive to medical 
therapy* 

Gigantism and Acromegaly 

This disorder of excessive Cll secretion manifests differently in children, in 
whom the epiphyses have not yet closed, versus adults. It leads to gigantism in 
children and acromegaly in adults* Gigantism refers to excess linear height of 
more than 2 SD above the mean lor a person s age* sex, and Tanner stage; this 
results from excess GH acting on the epiphyseal growth plates. Acromegaly is 
tiie same disorder, resulting from GII acting on the fused growth plate carti¬ 
lages in adults* GH excess is most commonly caused by a piiuilan adenoma 
composed of somatotroph cells. Less common causes include hypothalamic 
CHKH secretion or disruption of somatostatin tone. 

Gigantism is rare, with approximated 100 reported cases to date. The inci¬ 
dence of acromegaly is 3-4 cases pur million* and the prevalence is 40-70 
ca*ses per million. Mean age of onset for acromegaly is in the third decade. 
The onset of acromegaly is insidious* as opposed to the dramatic presentation 
of gigant ism* 

PRESENTATION 

Musculoskeletal and visceral overgrowth and deformity (gigantism) in 
children 

Acromegaly (enlarged jaw, hands, feet* coarsening facial features, 
prognathism) 

Enlarged liver and heart (cardiomyopathy} 

Peripheral neuropathies such as carpal tunnel syndrome secondary lo 
nerve compression 

Glucose intolerance and frank DM in one-sixth of cases; also amenorrhea 
and impotence 

Headache due lo mass effect, and bitemporal hemianopsia due to superior 
growth of tumor leading to compression of the optic chiasm 

Diagnosis 

Elevated scrum IGE-1 (sensitive screening lest) 

Failure of glucose to suppress 011 on oral glucose tolerance test (OGTT) 
OGTT: Administer 100 grams of glucose lo suppress GH* and then 
measure GH levels. Failure to suppress GH to < > ng/dL within 3 
hours is diagnostic* 

CT or MR1 scans to localize the tumor 

Treatment 

bromocriptine, a dopamine agonist* works in one-quarter of cases 
Octreotide is a long-acting somatostatin analog that can lower GH levels 
to normal, and works in approximately two-thirds of patients 
Pcgvisomant (Gl I-receptor antagonist) 

Transsphenoidal surgery and radiotherapy 

Prognosis 

Cardiac failure is the most common cause of death in acromegalic patients* 
They also suffer an increased risk of colon cancer and pituitary insufficiency* 
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Panhypopituitarism 

This refers to a reduction in flic release of all pituitary hormones* and may 
result from both primary and secondary causes* Primary events that disrupt 




TABLE 2 - 9 . Clinical Findings with Hypopituitarism 


M utiMi r n 1 1 tcMMit mt ummi 

Hormone 

miiMMMiitl tiiiMAMffUM, nil l^^ll itmtltMifiNrum*nwiU*iirJ<r;i it mm 

Normal Function 

Clinical Findings in Hormone Deficiency 

GH 

Growth and glucose homeostasis 

Children: growth failure, dwarfism. 

Adults: fatigue, osteoporosis, often not detectable (skin 
wrinkles and increased sensitivity to insulin, manifesting as 
hypoglycemia). 

Gonadotropin 

(LH/FSH) 

Menstrual cycle and reproduction 

Amenorrhea, genital atrophy, infertility, l libido, i axillary/pubic 
hair, impotence. 

TSH 

Stimulates thyroxine production from the 
thyroid gland 

Resembles central hypothyroidism without goiter (cold 
intolerance, lethargy); normal or TSH inappropriately low in the 
setting of low thyroxine. 


ACTH Stimulates glucocorticoid production from the Resembles primary adrenal insufficiency, with fatigue, orthostatic 

adrenal gland hypotension, but without shin hyperpigmentation, hypokalemia, 

salt craving, i response to stress. 



KEY FACT 


ischemic necrosis of the pituitary 
(Sheehan's syndrome). Because 

the anterior pituitary increases 
to almost twice its size during 
pregnancy, if there is reduced 
0 2 supply due to postdelivery 
hemorrhage or shock, the sudden 
hypotension can lead to anterior 
pituitary dysfunction. 


the hypothalamus or pituitary include surgery, radiation, tumors, apoplexy 
(sudden hemorrhage into the gland, usually Irani adenoma), infection, infil¬ 
tration by sarcoid or hemochromatosis, ischemia (Sheehan's syndrome), 
carotid aneurysm, and cavernous sinus thrombosis and trauma. Secondary 
causes refer to disease that disrupts the hypothalamus or pituitary stalk, includ¬ 
ing tumors, surgery, infection, infiltration, and trauma. 

Presentation 

The sequence of hormonal loss is GH —> FSII/Li I —> TSH —> AC I I I, with 
the resultant symptoms based on the temporal order of hormonal deficit {see 
Table 2-9). 


Diagnosis 

Low levels of the specific pituitary hormones and low target gland hormones. 
Mill of the brain may localize the tumor for preoperative planning. 


Treatment 

Replacement of the missing hormones, with the most important being cor¬ 
tisol for protection against infection. Because most of the anterior pituitary 
hormones are proteins or glycoproteins that induce the secretion of oilier hor¬ 
mones* the target gland hormone is often used as replacement rather than the 
pituitary hormone (ix\, TSH replaced with thyroxine, ACTH replaced with 
hydrocortisone or another glucocorticoid. Ml and FSH replaced with testos¬ 
terone, estrogen, or progestin). 


POSTERIOR PITUITARY DISEASE 


Diabetes Insipidus 

Characterized by a deficiency of ADH and results in inappropriately dilute 
urine. Vasopressin (ADH), synthesized by the supraoptic nucleus and stored 
in the axon terminals of the posterior pituitary, functions to concentrate urine 
and conserve water, t here arc two types of DL 
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ta 8 L e 2 - 10 . Causes of Diabetes Insipidus <DL) 


Central Dl 

> Idiopathic (50% of cases) 

Trauma, surgery 

Tumors, sarcoidosis, TB 

Hand-Schulier-Christian disease 

Nephrogenic Dl 

Hypercalcemia, hypokalemia 


Medications: Lithium, demedocydine 


Pyelonephritis 


Central DL due to insufficient release of ADI I from the posterior pituitary. 
Nephrogenic Dl, with normal ADH secretion but target tissues (kidneys) 
that arc unresponsive (renal resistance to the ADI I t. Causes are listed in 
Table 2-10. 

Presentation 

Excessive urination and thirst. In children, Dl can present with fever* vomit¬ 
ing, and diarrhea. 

The high serum osmolality stimulates thirst, causing patients lo drink large 
amounts of water. 

Hypernatremia is usually not significant if the patient has access to water, 
but may be a problem in hospitalized or debilitated patients with water 
restriction or unrecognized Dl. 

Diagnosis 

Vasopressin challenge: Injection of vasopressin —> increased U ()sm in cen¬ 
tral Dl, but not nephrogenic Dl (see Table 2-11). 

UA; Low Uq* m1 and high Po sm m both central and nephrogenic Dl, as 
the kidneys either do not receive ADH or cannot respond to ADH in both 
cases. 

Meanwhile, Uo sm and Po sm arc both low in primary polydipsia, since 
kidneys do work appropriately and pul oirl dilute urine. 

Treatment 

Vasopressin (subcutaneously, orally, or intranasally) for central Dl. 
Chlorpropamide increases the release of ADH in partial ADH deficiency. 
For nephrogenic Dl, diuretics such as hydrochlorothiazide (HCTZ). 
i ICTZ is sometimes used with amiloride to prevent hypokalemia. 


table 2 - i i . Differentiating between Central and Nephrogenic Diabetes Insipidus (Dl) 


iMtfl ifJl 11*11 ilfif iifiilf f Htf ftlUl Wiifil 

Increase in U Qsm with 

li*) umMJiffn 11 HjilnwHiin 1 imu>u mi. 11immirimm Iiiitmi. 


Water Deprivation? 

Response to Injection of ADH? 

Central 01 

No 

Yes 

Nephrogenic Dl 

No 

No 

Primary polydipsia Yes Yes 
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Prognosis 

Patients who have access to water can usually make up for the large urinary 
losses. When water is not readily available, the rising serum sodium concern 
tralimi can cause weakness, fever, prostration, and potentially death. 

Syndrome of Inappropriate Secretion of Antidiuretic Hormone (S1ADH) 

Fxcess ADH in the absence of hyperosinolarity leads to an inability to dilute 
mine. There is a net gain in free water over sodium, resulting in euvolemic 
hyponatremia. Common causes of SIADH include CNS disease; pulmonary 
diseases such as tumor; endocrinopathics; and drugs including NSAlDs, anti¬ 
depressants, ehemothera pen tics, diuretics, plienothmzines, and hypoglyec- 
nlies. I'liis is summarized in Table 2-12. 


Presentation 

Often without symptoms if SIADH is chronic. If acute onset, can cause brain 
swelling, leading to lethargy, weakness, seizures, and coma/death. 

SI ADI I causes volume expansion, but edema and hypertension are usually 
not present because of natnurests (excreting excess sodium in urine). 



KEY FACT 


Hyponatremia should not be 
corrected too quickly because 
this can result in central pontine 
myelinolysis. 


Diagnosis 

Hypotonic hyponatremia decreases scrum Na, and )g in the presence of 
increased Uq S( 11 > 500 mOsni/L (normal = 290 mGsin/L), 

Need to rule out hypothyroidism (reduced CO, GFR) and adrenal insuf¬ 
ficiency (increased CRH and ADI I), 

Also decreased BUN and Cr, reflecting diluted fluid stores. 

Treatment 

Fluid restriction in mild eases of S1A011, When fluid restriction is not feasible 
or not working, use demeclocycline or eonivaptan, which inhibits the action 
of AD hi on the kidneys. Hypertonic saline may be used if cerebral edema, 
convulsions, or coma develops. Hyponatremia should not be corrected too 
quickly because this can result in central pontine myclinolvsis. 


table 2*12, Common Causes of 51 AON 

MnHUIUI 11 Him > UN 11 111 miUiuUMimiimi Ilin j i ri mi mnti nm nit nUtnM^-n imnnvii 


Neoplasms wifh ectopic ADH secretion Smalt cell lung carcinoma 


Thymoma 

Pulmonary diseases 

»i TB 

Lung abscesses 

Pneumonia 

CNS disorders 

Skull fraetures/trauma 

Subdural hematoma 

Drugs 

imarti miiiimiiiiiiiiiiinniiiwi— imiimiiiiiiiii 

Chlorpropamide 

Vincristine, vinblastine 

Cyclophosphamide 

Carbamazepine 

■M^nrnmimiiim iTiiii—miirnmii|iiuiniiiinni— mini i iiiti mini 
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PITUITARY/HYPOTHALAMIC PHARMACOLOGY 


Leuprolide 

Mechanism 

G 11 RM is normally secreted in a pulsatile fashion by the hypothalamus, and 
stimulates the release of KSH and LH from the anterior pituitary. Leupmltdc 
is a GnRH analog that has a longer half-life, and can be used in a pulsatile 
fashion in increase IJ l/FSH, or continuously to suppress LH/FSIL 

Uses 

When given in a pulsatile fashion, it is used to treat women with amenorrhea. 
When given hi a contbilious fashion, leuprolide suppresses the growth of pros¬ 
tate cancer and endometriosis. 

Side Effects 

Bone pain, feet/ankle swelling, reduced sexual desire. 

Somatotropin 

Mechanism 

CM analog, increases muscle mass. 

Uses 

Dwarfism; treats wasting associated with AIDS or malignancy. 

Side Effects 

Haud/foot edema, thickening of bones/jaw, carpal tunnel syndrome, increased 
organ growth, decreased insulin sensitivity, hyperglycemia. 

Octreotide 

Mechanism 

Somatostatin is a hypothalamic hormone that nonnaily inhibits the release of 
CM, glucagon, insulin, gastrin, and vasoactive intestinal peptide (VIP). Oct¬ 
reotide is a somatostatin analog Ilia! has a longer half-life than somatostatin 

itself 

Uses 

Variceal bleeding, VIPomas, carcinoid syndrome. 

Side Effects 

Gallbladder problems, pancreatitis, hypo- or hyperthyroidism. 

Dopamine Agonists (Bromocriptine, Cabergolme) 

Mechanism 

Dopamine receptor agonists. PRL secretion is normally inhibited by t\o\> 
amine from the hypothalamus. 

Uses 

Prolactinomas, Parkinson's disease. 

Si de Effe cts 

Dizziness, lightheaded ness, confusion. 
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Desmopressin 

Mechanism 

Analog of vasopressin (ADH). Has minimal VI aclivity {minimal action on 
vascular smooth muscle)* More effect on V2 receptors, which act on the renal 
collecting tubules to increase water reabsoprtion. Also stimulates release of 
von VVillcbrands factor (vWF) from the endothelium in platelet dysfunction 
disorders. 

Uses 

Central Dl; von Willebrand s disease. 

Side Effects 

Transient headache, flushing. 

Oxytocin 

Mechanism 

Posterior pituitary hormone that stimulates milk secretion and induces uterine 
contractions during labor. 

Uses 

Induces labor; decreases postpartum bleeding by inducing contractions. 

Side Effects 

Chest pain, confusion, excessive vaginal bleeding, palpitations, seizures* 



The thyroid gland regulates growth and metabolic rate through the actions 
of its two major hormones, thyroxine (F ( ) and triiodothyronine A rela¬ 
tive deficiency or excess of thyroid hormone may become manifest clinically 
through alterations in energy, weight, temperature tolerance, C»l function, 
and hair/skin quality. The parafollicular (C) cells of the thyroid gland produce 
calcitonin, a hormone that lowers serum calcium levels; however, it does not 
play a significant role in calcium metabolism in humans. 

Anatomy 

Situated anterior to the trachea, the thyroid is a butterfly-shaped structure 
below the larynx extending from C5 to TL It is composed of a right and left 
lobe united bv a thin strip of thyroid tissue called the isthmus (see Figure 
2 - 10 ). 


The thyroid is among the largest endocrine organs, weighing 10-20 grams, ll 
receives a disproportionately Targe share of cardiac output per gram of tissue. 
The rich blood supply of the thyroid is derived from two pairs of vessels: the 
superior and inferior thyroid arteries, 

Superior thyroid artery: First branch otf the external carotid artery and sup¬ 
plies the superior half of the thyroid. 

Inferior thyroid artery: Stems from the thyrocervical trunk, which is a 
branch of the subclavian artery. 
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FIGURE 2-10* Anatomy of the thyroid gland* 


Three sets of veins drain the thyroid: Superior, middle, and inferior thyroid 
veins. The superior and middle veins drain into the internal jugular veins, 
whereas the inferior thyroid veins empty into the brachiocephalic veins. 


A goiter is an enlarged thyroid 
gland due to inflammation, tumor, 
or autoimmune disease. Endemic 
goiter, caused by iodine deficiency, 
is the most common cause of goiter 
worldwide. 



Athyroglossal duct cyst develops 
when the thyroglossal duct does not 
close, persisting in the midline near 
the hyoid bone or at the base of the 
tongue (see Figure 2-11). Ectopic 
thyroid tissue is most commonly 
found at the base of the tongue. 


Embryology 

The thyroid is formed from an epithelial on I pouching, the thyroid divertic¬ 
ulum, which develops in the floor of the foregot at 3-4 weeks of gestation. 
The thyroglossal duct progenitor migrates caudal(y and the thyroid gland 
eventually assumes ifs normal position below the larynx unless migration is 
disrupted. This duct remains patent during development, maintaining a con¬ 
nection between foregut and thyroid. Ultimately, the thyroglossal duet closes, 
leaving the foramen cecum as an adult remnant. The thyroid begins secreting 
hormone as early as the 18th week of fetal development. 

Histology 

At the microscopic level, the thyroid gland is made up of spherical, closed fol¬ 
licles that arc lined with cuboidal epithelial cells. 

The basal surfaces of follicular cells arc in contact with a rich blood supply 
that allows for the absorption of iodide to be used in hormone production 



Thyroid hormone deficiency during 
fetal development may be due to 
a failure of thyroid gland formation, 
inability to synthesize hormone (I 5 / 
T 4 ), or ^ lack of iodine, which is 
essential for hormone synthesis* This 
condition, known as congenital 
hypothyroidism or cretinism, is 
manifest by abnormal growth and 
mental retardation. 












FIGURE ML (A) Clinical appearance of a thyroglossal duct cyst (B) Axial neck CT 
scan of thyroglossal duct cyst (Part A reproduced, with permission, from 1 iiiHnalH |K, cl li!, 
tmtimlli's Kiiierrjiwv \ ledicine: A 0 tmtorthemin 1 Study Cuide* f>lh ed. New York: MeGraw* 
Hill, 2004: I4W Part B reproduced, with permit ion, from lakani AK Current Diagnosis and 
Treatment m (Molttmtgohgy—lhad and Neck Surgery* New York: McGraw-l I ilk ZQ04: 401.) 



Medullary carcinoma of the 

thyroid arises from abnormal 
proliferation of parafollicular cells 
within a characteristic amyloid 
stroma. It is a component of the 
multiple endocrine neoplasia (MEN) 
syndrome types 1 and 2. 


The apical membranes of follicular culls face a lumen filled with a secre¬ 
tory substance referred to as colloid. The major constituent of colloid is 
the glycoprotein thyroglobuliii, which serves as a storage form of the thy¬ 
roid hormones (sec Figure 2-t2)« 

Interspersed willi in the walls of thyroid follicles arc small col Ice linns of 
parafollicular C cells that synthesize and secrete calcitonin. 



figure 2-12, Thyroid follicular cells, < [Keproduml. with permission* from Rmnkardr 
FC, ct al* Schwartz's Principles of Surgery, 8th ed, New York: McGrcnv-11 jib 2005; 1404 i 





Thyroid Hormone Synthesis 
Iodide Extraction 

The thyroid acquires iodide from the circulation, providing a necessary factor 
for hormone synthesis. 

Follicular cells possess iodide transporters (sodium-iodide sympitrier) cm 
their basal surfaces lliat actively transport iodide out of the biood and into 
the cytosol of follicular cells. This process of intracellular accumulation is 
known as iodide trapping (sec f igure 2-13). 

Intracellular iodide rapidly diffuses across the apical membranes of folli¬ 
cular cells and into the colloidal lumen. Here it iodinates tyrosine residues 
on thyroglobulin. 

TSII facilitates iodide transport, bromide, thiocyanate, and perchlorate 
inhibit this process. 

Thyroglobulin Synthesis and Secretion 

Thyroglobulin is a large glycoprotein produced by the thyroid that play's an 
important role in thyroid hormone synthesis. 

Thyroglobulin is synthesized by thyroid follicular cells and is secreted 
across the apical membrane. 

Within the follicular lumen, thyroglobulin is the principal component of 
colloid. 
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FIGURE 2-13. Thyroid hormone biosynthesis. Dl l - diiodolyrnsmc; MIT iiiciim ulniy* 
rositic; TO = tliyrogluhuliit; I PO - lliyrnid pcrnxiclase. TS1IR thyroicl^tinmlatiiig licirmoiie 
receptor (Modified, with permission, from Molina PE. ijtnge Endocrine Physiology* 2nd ed, 
York; McGraw-Hill. 2006: 78.) 



























Thyroid hormones are synthesized from tyrosine residues in the protein 
structure of thyroglobulin. 

Thyroglobulin senes as both a precursor and a storage form at thyroid 
hormone* 



Hyperthyroid patients are often 
treated with propylthiouracil (PTU), 
which inhibits the peroxidase 
enzyme, thereby decreasing thyroid 
hormone synthesis at oxidation. 


Oxidation and Organification 

hollowing thyroglobulin synthesis and iodide uptake, the next step in thyroid 
hormone synthesis is iodination of thyroglobulin, a process that requires oxi¬ 
dation and organification reactions. 

Iodination of thyroglobulin is catalyzed by thyroid peroxidase* an enzyme 
located in the apical membrane of follicular cells* 

Thyroid peroxidase binds an iodide atom and a tyrosine moiety* brings 
them into dose apposition, and promotes oxidation of iodide and tyrosine. 
This leads to the generation of short-lived free radicals that enable the 
reaction between iodide and tyrosine residues on thyroglobulin. 

In the process of organification, these free radicals (i.e,, iodine and 
tyrosine moieties) undergo an additional reaction to form monoiodoty- 
rosine (Mi l ). 

A second iodide organification reaction can take place* adding iodine to an 
MIT molecule to form diiodotyrosinc i HIT) (see Figure 2-15). 


Coupling 

The final step in thyroid hormone synthesis is the coupling of two iodoty- 
rosine residues (MIT or DIT) to form iodothyronine. 

Willi MIT and HIT still bound to thyroglobulin, they undergo coupling 
reactions to form T 4 and T v The final products of coupling, T 4 and T v 
remain attached to thyroglobulin during synthesis and afterward as stored 
hormone awaiting TSH stimulation. Coupling* like oxidation, is per¬ 
formed by thyroid peroxidase. 

T; is formed by the addition of one MIT and one DIT moiety. 

T 4 is formed by the addition reaction of two DIT moieties. 

T 4 makes up a majority of thyroid hormone synthesized in this process. 



Individuals with a mutated or absent 
thyroid deiocJinase enzyme may 
become iodine-deficient for lack of 
the ability to recycle iodine. 


Thyroid Hormone Release 

TSH binds to surface receptors on thyroid epithelial cells and serves as the 
chief stimulus for hormone release. 

TSH-m.vliated stimulation of the thyroid gland results in pinocytosis of 
luminal colloid. 

Within the follicular cells, lysosomes fuse with piuocytic vesicles and 
thyroglobulin is protcoIytreally digested. Products of protein breakdown 
include T 4 and T v both of which are transported across the basal mem¬ 
brane and into the circulation* 

Continued cleavage of thyroglobulin produces a large proportion of MIT 
and Di'I molecules within follicular cells. 

Deiodinasc is the enzyme that mediates iodine moiety cleavage from MIT/ 
DI T and recycling for future thyroid hormone synthesis. 

Thyroid Hormone Transport and Metabolism 

T 4 and T- are carried in the circulation principally bound to thyroxine- 
binding globulin (TBG), a protein secreted by the liver. 

TUG slows metabolic inactivation and urinary excretion of thyroid hor¬ 
mones. thereby extending their half-lives. 
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FIGURE 2-14. Thyroid hormone structure. (Modified, with permission, from Kasper DL. 
Braunwald K, l-Viuci AS, el at Ht/msoiA Principles of Internal Medicine. 16th ed, New York: 
McGraw-Hill, 21)05: 2072.) 


T 4 is the major hormone secreted by the Ihyroid and carried in the circula¬ 
tion; however* T? is the physiologically active form of the hormone. 

Activation: 5'-Deiodinase catalyzes the conversion of the prohormone T 4 
to active I \ by the removal of an iodine atom. 5'-Deiodinase is present in 
the liver, kidneys, thyroid, and target organs. 

Inactivation: A separate deiodinasc enzyme targets another site on the T 4 
molecule, forming biologically inactive reverse 'l\ (rTj). Enzymatic inac¬ 
tivation ofT, occurs primarily in the liver and kidneys (see Figure 2-14), 

Deiodination is a major mechanism by which thyroid hormone activity is 
enhanced or reduced, depending on w hether active hormone flV( or inactive 
hormone (rl\) is produced. 


Thyroid Hormone Regulation 

The hypothalamic-pihiitaiy axis responds to changes in the levels of free T 4 
and in the serum. 

Low levels of free thyroid hormone stimulate the release of TKI l from the 
hypothalamus. 

TRH, in turn, enters the hypophyseal circulation and stimulates thvro 
tropes to release TSH into the systemic circulation (see Figure 2*1 5). 

TSH promotes increased thyroid hormone synthesis and secretion by 
upregulating the processes of iodide uptake, organification, coupling, and 
pinocytosis of colloid material 

TSH also exerts trophic effects on the ihyroid gland, increasing its size 
through continued protein synthesis. 



In Graves' disease, SgG antibodies, 
called thyroid-stimulating 
immunoglobulins (TSIs), cross- 
react with the TSH receptor to 
promote thyroid gland enlargement 
and excessive thyroid hormone 
pro d u cti o n (hy per l li y ro id ism), 


Downstream Effects 

Ihyroid hormone contributes to grow th, development, and metabolism. 

Bone growth: Thyroid hormone facilitates growth by stimulating CM gene 
expression in somatotrophs of the anterior pituitary. Thyroid hormone also 
stimulates calcification and closure of cartilaginous growth plates through¬ 
out the body. 

GNS maturation: Thyroid hormone is vital for CNS development during 
the prenatal period and for the first T years of life. .As part of normal devel- 
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FLASH 

FORWARD 


Thyroid storm is a life-threatening 
form of thyrotoxicosis characterized 
by fever, tachycardia, psychosis, 
confusion, and Q symptoms It is 
managed with IV fluids, PTU, and 
[i-adrenergic blockers. 



FIGURE 2-15, HypothalamiC'pituitary-thyroid axis, i Modified, with permission, from 
Gardner DC, Sliohuck D. Gretmbtms Hmw Or Clinical Emloeriwlogw ftth cd. New York; 
McGraw-Hill, 200“: 2*2.) 


TO 


MNEMONIC 


7j functions-4 Bs: 

Brain maturation 
Bone growth 
Beta-adrenergic effects 
Basal metabolic rate increases 



KEY FACT 


Thyroid hormone is absolutely 
essential during the perinatal period; 
a deficiency results in irreversible 
mental retardation. 


opmenl, lieu rob lasts proliferate into the second trimester, after which they 
begin to differentiate into neurons. Thyroid hormone promotes this tran¬ 
sition from ncuroblast division to neuronal differentiation and ultimately 
synapse formation. 

Adrenergic effects: Thyroid hormone renders [ij-adrenergic receptors in 
the heart more responsive to signaling molecules. Contractility, stroke vol¬ 
ume, and heart rate are ail increased, thereby augmenting cardiac output. 
Basal metabolic rate (BMR): Thyroid lion none promotes the synthe¬ 
sis of cytochromes, cytochrome oxidase, and Na H -K + ATPasc, while also 
increasing the number and activity of mitochondria. These actions ulti¬ 
mately increase 0-, consumption, the BMR. and body temperature. 
Intermedian' metabolism: 'Thyroid hormone stimulates fuel mobilization 
and catabolism to support the body’s increased BMR. Ghlconeogenesis, 
glycogeuolysis, and lipolysis are all enhanced to this end. 

Alterations in the level of thyroid hormones can have effects on several organs 

(see Table 2-13). 


DISORDERS OF THE THYROID 



KEY FACT 


TBG can alter the total levels of T 5 
and I 4 , but not change free, active 
T 3 , and I 4 levels. Thus patients are 
euthyroid and do not show signs of 
hypo- or hyperthyroidism. 


Hyperthyroidism 

Sixty percent of cases of hyperthyroidism arc caused by Graves' disease. The 
remaining MV/t is due to miscellaneous causes* including thyroiditis* toxic 
adenomas. TSH-secrcting pituitary tumors* struma ovarii* and hCG-secreting 
tumors. See Table 2-14 for etiologies and presentations. 

Presentation 

Tremor, weigh! loss despite good appetite, irritability, restlessness, insom¬ 
nia* heat intolerance, increased frequency of bowel movements or frank 
diarrhea, and palpitations. 

Ophthalmologic signs include a wide stare and lid lag. 











TABLE 2*13. Signs and Symptoms of Abnormal Thyroid Hormone Levels 


rail i mit»Mixiiiiixnrmi*»wmmrwMriiiiiiirix«tuiiimrt^w*u»i**rriTttw« 

Hyperthyroidism 

Hypothyroidism 

Symptoms Hyperactivity, irritability 

Difficulty concentrating, poor memory 

Heat intolerance, sweating 

Cold intolerance 

Palpitations 

Dyspnea 

Fatigue, weakness 

Fatigue, weakness 

Diarrhea 

Constipation 

Polyuria 

Hair loss, dry skin 

Oligomenorrhea, loss of libido 

Menorrhagia 

Weight loss 

Weight gain, poor appetite 

Paresthesias 

Impaired hearing, hoarse voice 

Signs Tachycardia 

Bradycardia 

Tremor 

Delayed tendon reflex relaxation 

Goiter 

Peripheral edema 

Warm, moist skin 

Dry, coarse skin 

Proximal muscle weakness 

Puffy face, hands, and feet (myxedema) 

Lid retraction, lid lag 

Diffuse alopecia 

Gynecomastia 

Carpal tunnel syndrome 


Warm and moist skin due to peripheral vasodilatation and excessive 
sweating. 

Increased risk of atria! fibrillation and isolated systolic hypertension. 

Diagnosis 

Increased T* and 

Decreased TSH {except in TSI l-sccrcting tumors) 


TABLE 2-14. Causes of Hyperthyroidism 


HMOWWfrfuiUWiinMJuiraiiiiUiniiiitninniiti 

Cause 
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Etiology 

Clinical Manifestations 

Graves' disease 

Thyroid-stimulating immunoglobulin (TSI) binds TSH 

Diffuse nontender goiter with bruit. 


receptor on thyroid gland “4 T T 3 /T 4 (diffuse uptake on 

Infiltrative ophthalmopathy {proptosis. 


thyroid scan). 

extra ocular muscle dysfunction). 

a 

Associated with other autoimmune disorders. 

Pretibia 1 myxedema. 

Plummer's disease 

Hyperfunctioning areas that make T J S /J A (patchy uptake 

Less severe than Graves' disease. 

(toxic multinodular 

on thyroid scan). 

Associated with life-threatening arrhythmias 

goiter) 

Not linked to circulating thyroid stimulators or 
ophthalmopathy. 

and CHF. 

0 

More common in the elderly. 


Subacute thyroiditis 

In flam matron of thyroid gland spilling of thyroid 

Thyroid gland firm, painful, tender. 

(de Quervain's 

hormones -* transient hyperthyroidism -» returns to 

ii Fever. 

thyroiditis) 

normal. 

increased ESR. 

ii imrimTTtfitiiiiirNiMXMxiHiii itniuuiiu«« 

Usually preceded by upper respiratory infection. 

Pain radiating to ears, neck, and arm. 

mimtruttK i ^mnwunmuimimi 11 itmtuiu umiumip 
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Anti-TSI I receptor antibodies for Craves’ disease 
Radioactive iodine uptake (RAIIJ) scan: Localized uptake {toxic adenoma, 
multinodular thyroid), generalized uptake [Graves' disease), nr no uptake 
(thyroiditis, struma ovarii) 

Treatment 

|i-Blockers such as propranolol: Control of adrenergic symptoms (sweat¬ 
ing, tachycardia, tremor). 

ITU and mcthimazole: Inhibit thyroid hormone synthesis; ITU also 
inhibits the conversion ofT^ —> ’!>. 

Radioactive iodine or surgery: ’lb ablate thyroid function. Radioiodine 
is contraindicated for treatment of hyperthyroidism during pregnancy 
because it can cross the placenta and destroy the infant's thyroid gland, 
leading to hypothyroidism and its sequelae. 

Hypothyroidism 

Over 95% of cases of hypothyroidism result from failure of the thyroid gland 
itself (primary hypothyroidism). Causes of primary hypothyroidism include 
Hasliimoto's thyroiditis (characterized by anti-microsomal antibodies and 
lymphocytic infiltration), Riedel’s thyroiditis (fibrous replacement of thy¬ 
roid tissue), iodine deficiency, and surgical destruction. Secondary causes of 
hypothyroidism include failure of the pituitary (secondary hypothyroidism) or 
hypothalamus (tertiary hypothyroidism). 

Presentation 

Lethargy, fatigue, muscle weakness. 

Cold intolerance, constipation, weight gain. 

Delayed recover)'of deep tendon reflexes. 

Slow mentation. 

Diastolic hypotension. 

I ,oss of lateral one-third of eyebrows, eon rs e/dry skin, deep voice. 

In newborns, hypothyroidism causes cretinism (mental retardation, short 
stature, coarse features, umbilical hernia). 

Myxedema coma: Stupor, coma, seizures, and hypoventilation. A life- 
threatening hypothyroid condition that results from long-standing, 
untreated hypothyroidism. Triggered by trauma, infections, and cold 
exposure. 

Diagnosis 

TyTj/TSH/TRH: May be helpful to diagnose and distinguish among pri¬ 
mary, secondary, and tertiary causes. 

Chemistries: Mild normocytic anemia, hyponatremia, hypoglycemia. 
Immunology: Antimicrosoma! antibody lest for I Inshimolo’s thyroiditis. 
Imaging; Pituitary and hypothalamus for tumor. 

Treatment 

I lypothvroidism is treated with levothyroxine ( !’^) replacement. For myx¬ 
edema coma, empiric adrenal replacement therapy is used as well. 

Thyroid Neoplasms 

Thyroid cancer is the most common endocrine malignancy in the United 
States with an annual incidence of approximately 2 eases per 100,000. Risk 
factors include previous childhood head and neck radiation exposure, sex 
(a high percentage of nodules are malignant in men), age (a high percent- 




table 3-15. Types of Thyroid Cancer 
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Type 

Prevalence 

Characteristics 

Treatment 

Papillary 

carcinoma 

70°/g-80% 

History of radiation exposure increases risk. 

Slow-growing, spreads by lymphatics in the neck* 

"'Orphan Annie" nuclei (cells in papillary cancer have dispersed chromatin, 
giving appearance of empty nuclei). 

Psammoma bodies (concentric calcification of individual necrotic tumor 
celts). 

Lobectomy or total 
thyroidectomy ± 

radioiodine 

Follicular 

carcinoma 

10%-20% 

More aggressive than papillary carcinomas. 

Tends to invade into blood vessels -+ spreads to bone, lung, and liver (lymph 
node involvement rare). 

Total thyroidectomy + 
postoperative iodine 

ablation 

Medullary 

carcinoma 

5% 

Arises from parafollicular cells of thyroid. 

Produces calcitonin (can be used as tumor marker). 

Amyloid deposits (derived from altered calcitonin molecules). 

Associated with the MEN 2A and MEN 28 syndromes. 

Total thyroidectomy 

Anaplastic 

carcinoma 

5% 

Highly aggressive. 

Poor prognosis (death within a few months). 

Chemotherapy and 

radiation 


rtJuiiirMj»mmfiitijaammniiiniriNijjiiiifiww/Ji*uij|'MiiiimNliiiimi|iiii>M.nii TMri t«ti i 4t ri iiiiMiiii»unnwmii>tM>miiinirnmi> 


age of nodules are malignant in the young), and family history (MHN 2A/2B 
.syndromes). 

Presentation 

Typically presents as a solitary nodule. Dyspnea, coughing/clioking spells, 
dysphagia, and hoarseness may occur due to compression of the trachea or 
esophagus. 

Diagnosis 

Chemistries: TSH 

Radioactive iodine thyroid scintiscanning (RAID): Cold nodule with¬ 
out uptake suggests need for hiupsy. Hot nodules are usually benign 
adenomas. 

Fine-needle aspiration: Fifteen percent are suspicions or malignant, and 
most biopsies arc benign or indeterminate. Provides histologic diagnosis of 
four varieties of cancer (see Table 2-1 5). 

Treatment 

Ablation or medical therapy for benign nodules. Surgery for all cancers except 
anaplastic. 


DRUGS FOR HYPOTHYROIDISM 


I .-thyroxine (T,) and liothyronine (T-) are the natural hormones made by the 
thyroid gland. Levothyroxmc IT.,) is the principal pharmacologic agent used 
for hypothyroidism, l.iothyronine is not used routinely for the treatment of 
hypothyroidism because it can precipitate heart failure; il is used mainly in 
mvxcdemn coma. 




























Le vo thyroxine 
Mechanism 

T.| analog, binds to nuclear receptors. Leads to increased protein synthesis, 
increased metabolic rate, and increased (5-receptors —»increased sensitivity to 
catecholamines. 

Uses 

I lypothyroidism. 

Side farcers 

Signs and symptoms of hyperthyroidism (i.e., tachycardia, heart failure, sweat¬ 
ing, tremor, diarrhea). 


ANTITHYROID DRUGS 


There are two main classes of drugs used to treat hyperthyroidism: Thinn- 
amides and iodine. Thionamides inhibit thyroid hormone synthesis. Kxcess 
iodine reduces thyroid synthesis paradoxically, and radioiodine destroys cells 
that make thyroid hormone. 

Thionamides (Methimazole, Propylthiouracil) 

Mechanism 

Inhibits oxidation and organification of iodine, a step required in thyroid hor¬ 
mone synthesis; PTU also inhibits peripheral conversion ofT., toT v 

Uses 

Hyperthyroidism; PTU is the Ircatmcnt of choice during breast-feeding 
because little PTU passes into breast milk. 

Side Effects 

Rash, urticaria, fever, nausea; major effects include agranulocytosis, thrombo¬ 
cytopenia, acute hepatic necrosis, and vasculitis. 

Contraindication 

Both methima/olc and PTU cross the placenta and should he avoided during 
pregnancy. 

Iodine (Iodide and Radioiodine) 

Mechanism 

Iodide is selectively concentrated in the thyroid gland for hormone synthesis. 
Radioiodine (I 1 ’ 1 ) is also concentrated in the thyroid gland, and emits beta 
and gamma radiation. 

Uses 

Large doses of iodine arc used for thyroid storm and before thyroidectomy [to 
make the gland less vascular). Used also for hyperthyroidism and adjunctive 
treatment for some thyroid cancers. 

Side Effects 

Metallic taste, excessive salivation, diarrhea, rash. 




PARATHYROID GLAND 


The parathyroid glands play an important role in calcium homeostasis and 
bone health, predominantly through involvement in calcium and phosphate 
metabolism. 

The main hormone that mediates these effects is parathyroid hormone 
(PTIl i, which acts on the kidneys and banc. PTH increases scrum cal¬ 
cium while decreasing scrum phosphate concentrations. 

PTM is not the only mechanism by which the body regulates serum cal¬ 
cium and phosphate levels. Vitamin I) also plays an important role. 
Vitamin D increases intestinal absorption of calcium and phosphate and. 
together with PTM, promotes hone resorption, resulting in elevated levels 
of calcium and phosphate. 

Anatomy 

The parathyroid glands are four small, pea-sized structures attached to the 
posterior aspect of the thyroid gland, external to the fibrous thyroid capsule 
(see Kigurc 2-16). The glands arc anatomically separated into two superior 
and two inferior parathyroids. Both sets arc supplied by the inferior Ihyroid 
arteries with venous drainage III rough the ihyroid plexus of veins. 

Embryology 

The parathyroid glands are derived from pharyngeal (branchial) pouch endo- 
derni. hour pharyngeal pouches exist during development, with each con* 
tribilling to the formation of important structures of the head and neck (see 
Tables 2-16 through 2-18 feu an overview of pharyngeal pouches, clefts, and 
arches). Lsaeii pouch represents an evagi nation of cndodcmial tissue with in 
the foregut. 

Differentiation of the third branchial pouch takes place in the fifth and 
sixth weeks of gestation. 

The ventral wing ot the third pouch go es rise to the thvmus. 

I he dorsal wing ultimately becomes the inferior parathyroids. 
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FIGURE 2-16. Lateral view of trachea, thyroid gland, and parathyroids. 
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TABLE 2*16. Branchial Pouch Derivatives 


Branchial Pouch 

Derivatives 


First pouch 

Middle ear cavity, eustachian tube, mastoid air cells. 


Second pouch 

Epithelial lining of palatine tonsil. 


Third pouch (dorsal wing) 

Inferior parathyroids. 


Third pouch (ventral wing) 

Thymus. 


Fourth pouch Superior parathyroids, thyroid gland C cells (derived from ultimobranchial body). 


Table 2-17. Pharyngeal Clefts and Membranes 


ruutranAftnillH(MM>inTilliUUuJMrriT{r|i||*Jl|i9BFPtiiitiiirifMi;* 

Branchial Cleft 

f i wrrtitt*nwittitmrm«ii ■ rnmnnm—wni»Hinnii* i um mm 

Derivatives 

First cleft 

External auditory meatus 

Second, third, and fourth clefts 

Temporary cervical sinuses (normally obliterated) 

Branchial Membrane 

Derivatives 

First membrane 

Tympanic membrane 

Second, third, and fourth membranes 

Temporary structures (normally obliterated) 


TABLE 2 - 18 . Branchial Arches 


Branchial 

Arch Derivatives (Cartilage) Derivatives (Muscle) 

Innervation 

\ 

Mandible, malleolus, incus, spheno- 
mandibular ligament 

Temporalis, masseter, lateral/medial pterygoids, 
mylohyoid, anterior belly of the digastric, tensor tympani, 
tensor veli palati, anterior two-thirds of the tongue. 

CN V2 and V3 

2 

Stapes, styloid process, lesser horn of the 
hyoid, stylohyoid ligament 

Stapedius, stylohyoid, posterior belly of the digastric, 
muscles of facial expression. 

CN VII 

3 

Greater horn of the hyoid 

Stylopharyngeus. 

CN IX 

4 

Thyroid, cricoid, arytenoids, corniculate, 

cuneiform 

Cricothyroid, levator veil palatini, pharyngeal constrictors. 

CN X (superior 
laryngeal branch) 

5 

No major developmental contributions 



6 Thyroid, cricoid, arytenoids, corniculate, 

cuneiform 

MIM1111 Mm*-* i u j uf ■ MHii i ium ■ ■ ■ ■ mHHimul li i iiLiiuMJfnHmazt^nitf ■ itti i 

All intrinsic muscles of larynx except the cricothyroid. 

CN X (recurrent 
laryngeal branch) 

i iuni mu i iminimwin\iiattv,t 
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FIGURE 2-17. Pa rathy roid embryology. (A > I in mla of brand i ia) pouches will i associ¬ 

ated derivatives. (B) Mignition of the inferior paralhyrokk 



KEY FACT 


The inferior parathyroids are derived 
from the third branchial pouch, 
whereas the superior parathyroids 
are derived from the fourth branchial 
pouch, an apparent reversal of 
the rostro-caudai arrangement of 
structures during development. This 
is due to the paired migration of 
the inferior parathyroids with the 
thymus, which facilitates enhanced 
caudal migration. 



Accessory parathyroid glands are 
present in approximately 13% of the 
general population. They likely result 
from fragmentation of the tissue 
during migration. 


By the seventh week of gestation, the llhrtl branchial pnueh diverticulum 
elongates, ultimately allowing the developing thymus and inferior parathy¬ 
roids lo separate from the pharynx (see Figure 2* E 7). 

The thymus migrates medially and caiulally* pulling the inferior para¬ 
thyroids until the thymus and parathyroids lose their connections to 
one another. 

The inferior parathyroids ultimately attach to the dorsal surface of the 
thvroid. 

The fourth branchial pouch, which gives rise to the superior parathyroids, 
follows a similar developmental course and timeline, 

The developing superior parathyroids do not migrate with another 
structure (he., thymus), bill rather travel a shorter distance before 
attaching to the dorsal surface of the thyroid. 



Ectopic parathyroid tissue results 
from abnormal migration. Ectopic 
parathyroids can be found in the 
anterior/posterior mediastinum, 
retroesophageal space, or even 
within the thyroid or thymus. 

Despite migration, the parathyroids 
typically remain symmetrical from 
side to side. 


Histology 

'The parathyroid glands are connective tissue-encapsulated structures lhat 
contain two populations of cells: chief cells and oxyphil cells. 

Chief cells are predominant. They are small, polygonal cells with secretory 
granules containing PTH. 

Chief cells arc arranged into curvilinear cords separated by capillaries 
(see Figure 2-1S), 



Branchial cysts result from failed 
obliteration of the temporary cervical 
sinuses, producing a persistent cyst 
in the neck. 


m 
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FIGURE 2*18. Section of parathyroid gland demonstrating chief cells arranged in cords 
separated by capillaries. (Reproduced* will) permission, from junqueira LC, Gamcim J, Basic 
Histology: loxt i> Atlax> ! I Eli a! t New York: McGravvd lill, 2005: 416.) 



PiGeorge's syndrome is 

a consequence of abnormal 
development of pharyngeal pouches 
3 and 4 Clinical manifestations 
include hypocalcemia secondary to 
absence of the parathyroid glands, 
immune deficiency secondary to 
absence of thymic tissue leading 
to abnormal T-cell maturation, and 
congenital cardiac malformations. 



First arch syndromes are a 

collection of facial malformations 
resulting from abnormal migration 
of neural crest cells into pharyngeal 
arch 1 Pierre Robin syndrome 
(Pierre Robin sequence) is 
characterized by micrognathia, 
glossoptosis (the tongue falls back 
and downward), and deft soft 
palate. 


Oxyphil cells are large cells containing abundant acidophilic mitochon¬ 
dria* and have an unknown function. 


CALCIUM AND PHOSPHATE HOMEOSTASIS 


Calcium plays an important role in a host of physiologic processes, ranging 
from muscle contraction to neuronal impulse transmission, Extracellular cal¬ 
cium concentrations are tig] ilk regulated against large fluctuations. Despite 
its importance, only 0.1% of total body calcium is found in the ECK The vast 
majority of the remaining calcium, approximately 99%, is stored w ithin bone 
(see Figure 2-19), 

Fifty percent of serum calcium is bound to plasma proteins. 

Ten percent of serum calcium is complexcd with anions such as phosphate 
and citrate. 

Fort\' percent of senun calcium is in a free, ionized form. 

Only free calcium is biologically active. 

Calcium and phosphate homeostasis arc regulated through the coordinated 
actions of three hormones: PTI1, vitamin D, and calcitonin. These hormones 
control calcium and phosphate by acting on bone, intestine, and kidney. 

Parathyroid Hormone 

PTH is a polypeptide hormone synthesized and secreted by the parathyroid 
chief cells, 

PTH is initially synthesized as a larger, inactive pveprohnrmone. Proteolytic 
processing produces a final active hormone that is stored in secretory granules 
of chief cells The secreted form of the hormone contains M amino acids. 
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FIGURE 2-19. Distribution of total body calcium. I ,ikc calcium, phosphate is invoiml in 
a range of physiologic processes. A very small cptanlilv (1%) ftotal body phosphite is found in 
the extracellular space; most phosphate is in hone. 


Despite rapid metabolism of PTH by the kidneys after secretion, smaller pep¬ 
tide fragments of the hormone retain full biological activity for hours. 

PTH Regulation 

The stimuli for PTH release include serum calcium and magnesium levels. 

Fi ll secretion is inversely proportional to serum ionized calcium levels. 
Depressed scrum calcium stimulates increased PTH secretion, whereas 
high serum calcium levels inhibit secretion. 

Reductions in serum magnesium also affect PTH secretion. Mild decreases 
in magnesium stimulate PTI I secret ion. Severe hypomagnesemia, how¬ 
ever, inhibits Fi ll secretion. 

Mechanisms of A ctjon 

In order to affect serum calcium and phosphate levels, PTII alters bone turn¬ 
over, renal tubule reubsorption, and vitamin D activation. Fl'l 1 is also respon¬ 
sible for raising serum calcium levels and decreasing serum phosphate lev¬ 
els. (1 docs so through indirect actions at the level of the intestine and direct 
effects on the kidneys and bone (sec f igure 2-20). These actions include: 

Increased heme resorption: Fi l l stimulates both osteoclasis and osteo¬ 
blasts (bone resorption > bone formation), leading to increased calcium 
and phosphate levels. 

Pill enhances the activitv of existing osteoclasts and also promotes the 
formation of new osteoclasts. 

Increased resorption from bone mineral leads to the release of both cal¬ 
cium and phosphate into the extracellular space. 

Increased renal calcium reubsorption: Fill works on llic proximal and 
distal renal tubules. It stimulates (lie distal tubule to increase rcabsorption 
of calcium, effectively raising scrum calcium levels. 

Increased phosphate excretion: In the proximal renal tubule, PTH inhib¬ 
its phosphate rcabsorption, leading to enhanced phosphate excretion. 

Tire reduction in serum phosphate reduces the quantity of complexed 
calcium in the circulation (phosphate and calcium bind in serum), 
thereby raising the amount of extracellular free calcium. 
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FIGURE 2-20, Actions of PTH and l P 25-(OH)2D in the maintenance of calcium (A) and 
phosphate (8) homeostasis. 


mi stimulates distal tubule reabsorption of calcium expanding the 
free calcium pool in the circulation. 

Increased vitamin D activity increases intestinal Ca absorption: PTH 
increases the activity of la-hydroxylasc in the kidney. This results in 
increased levels of ] t 25-(OH)-> vitamin I) (c&lcitriol). Culeitriol affects 
intestinal absorption of calcium and bone resorption (see below). Thus, 
PTH, via its activation of vitamin IT has an indirect effect on scrum cal¬ 
cium levels. 

Vitamin 0 

The chief forms of vitamin D are ergocalcifcrol (vitamin IX) and cholccalcif- 
erol (vitamin D-T 

Vitamin LX is produced In plant and fungal sources. It is not synthesized 
within the human body. 










Vitamin D ; is produced by animal sources. Endogenous production 
also takes place in the skin. Specific wavelengths ot UY light react with 
7-dehvdrocholestcrol to produce vitamin D ; , Sun exposure prevents vita¬ 
min D deficiency. 

Activation 

hollowing synthesis in the skin, eholccalcifcrol (vitamin D;} is initially inac¬ 
tive. It must undergo a series of addition reactions in the liver and kidney to 
become biologically active (sec Figure 2-22). 

Cholccalcifcrbl is first transported to the liver, where it undergoes a 
hydroxy lation reaction to form 25-hydroxTcholecalciferoI. This rate-limit¬ 
ing step determines the amount of active vitamin D in the circulation as 
opposed to the amount of inactive vitamin stored in the liver. 2v[ lydroxv- 
cholecalciferol exerts negative feedback oti tins process in the liver. 

In the kidney, 25-hydroxycholecalcifcrol undergoes a second hydroxy la¬ 
tino reaction catalyzed bv la-hydroxylase. The product ot this reaction, 
1,25-dihvdroxycholecalcifcroI [l,25-(OHT vitamin D], is the active form 
of vitamin D, also referred to as calcitriol. Importantly, la-hydroxylasc 
aclivity is upregulated by n i l. In this way, PTII activity leads to vitamin 
D activity, 

PTII increases L2S-(OHh vitamin D formation. 

Low calcium increases l*?5-(Ot In vitamin D formation. 

Low phosphate increases l,25-(OI lu vitamin D formation. 


Actions 


The active form of vitamin D (calcitriol) raises extracellular levels of calcium 
and phosphate and promotes the mineralization of bone. These metabolic 
changes arc the result of effects on the intestine, kidneys, and bone: 

Increases intestinal calcium and phosphate absorption:l,25-(OH)> vita¬ 
min D upregulates gene transcription of a calcium-binding protein (cal- 



Vitamin D deficiency in children 
causes rickets, which is 
characterized by the inability 
to calcify newly formed bone 
matrix (osteoid) with consequent 
malformation (bowing) of tong 
bones (see Figure 2-21). 



Vitamin D deficiency in adults 
results in osteomalacia, which, 
like rickets, is characterized by 
defective mineralization of bone. 
Osteomalacia causes pain, proximal 
muscle weakness, and bony 
deformities. It is treated with vitamin 
D replacement. 
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figure 2-21, Clinical signs of rickets in a young boy. Note the bowed k-gs. prnhibmnt 
abdomen, and (luring of long bones. 













UV light 


imttiiimmuwmuNimmuuunuui 


(Skin) 


7-Dehydrocholesleroi --► Cdolacalcifeml 



t 


25-OH Vitamin D 


1a*HydroxyJase 

(Kidney) 


t 

1,25 (OH) a Vilamln D 
(Active) 



figure 7 -22 . Activation of vitamin D. 


briidin D-28K) in the intestinal brush border This protein increases the 
absorption of dietary calcium. 

Increases bone resorption of calcium and phosphate: ] > 25-(()H )- f vita¬ 
min D is vital for PTH-inducctl bone resorption. It is thought to facilitate 
this process by increasing calcium transport across membranes (similar to 
the mechanism in the intestine). In the absence of vitamin D. PT H has 
limited effects on bone. Thus* at the level oi bone, 1,25-1 OH )■> vitamin O 
promotes resorption of calcium and phosphate so they can be used tor the 
mineralization of new bone. 

Increases renal reabsorptifm of calcium and phosphate (minor effect): 
l,25-(OI 1)2 vitamin D promotes increased reabsorption of both ions by the 
renal tubules. This effect is relatively minor and contributes little to the 
overall concentrations of extracellular calcium and phosphate. 


Calcitonin 

Calcitonin is a polypeptide secreted by the parafollicular or C cells oi the thy¬ 
roid gland. Although it promotes reduction in extracellular calcium through 
anti-PTl l-likc effects, calcitonin does not play a necessary, vital role in cal¬ 
cium homeostasis. Patients who have had their thyroid removed (c.g., as treat¬ 
ment for thyroid cancer) show no changes in scrum calcium concentrations 
despite the complete absence of calcitonin. 

Actions 

Calcitonin is secreted in response to high serum calcium levels. It acts pri¬ 
marily on bone, decreasing the resorptive- activity of osteoclasts. Calcitonin 
also has mild and inconsequential effects on the intestines and renal tubules 
aimed at decreasing extracellular calcium. 









CALCIUM DISORDERS 


Primary Hyperparathyroidism 

(n primary hyperparathyroidism, inappropriate excess secretion of PTl 1 causes 
hypercalcemia, A benign parathyroid adenoma is responsible for KD% of cases, 
while parathyroid gland hyperplasia accounts for the remaining 20% of cases. 

Presentation 

Usually asymptomatic. Incidentally discovered based on elevated calcium lev¬ 
els, When symptomatic, presents with renal GI, or neurologic symptoms. 

Renal: Polyuria, hypercalcinurin, renal stones (calcium oxalate stones). If 
chronic, can lead to nephrocalcinosis and eventually renal failure. 

Skeletal: Bone pain and aches. Increased PTH leads to increased osteo¬ 
clastic activity' —> increased bone resorption and osteopenia, 

GI: Nausea, vomiting, weight loss, constipation, anorexia, peptic ulcer dis¬ 
ease, acute pancreatitis. 

Neurologic: Mental status changes, depression, fatigue. 

In hypercalccmic crisis: Polyuria, dehydration, mental status changes. 

Diagnosis 

CBC: Increased Ca- + , decreased phosphate; chloride is often elevated. 

Also check PTl I-rclated peptide (PTl IrP), vitamin D levels, alkaline phos¬ 
phatase, urine calcium. 

Endocrine: Increased PTl 1, 

« EGG: Short QT interval 

Treatment 

First-line treatment is surgical exploration and partial or total parathyroi¬ 
dectomy. 

Medical treatment includes increased fluid intake (4-6 L normal saline 
per day) and oral phosphates. Can give diuretics (furosemidc) to enhance 
calcium excretion. Can also give bisphosphonates to inhibit bone loss, or 
calcitonin or glucocorticoids. 

Other Causes of Hypercalcemia 

Malignancy-induced hypercalcemia can result from bone metastasis 
(e,g,, breast cancer) or tumors that produce PTHrP, including squamous 
ceil carcinoma of the lung and renal adenocarcinoma. 

Vitamin D toxicity' secondary' to sarcoid, TB, or histoplasmosis. For exam¬ 
ple, in sarcoidosis, lymphocytes in granulomas make la-hydroxylase —> 
increased vitamin D —> increased calcium resorption. 

Familial hypocalciuric hypercalcemia (FHH): Autosomal-dominant dis¬ 
order caused by a mutation in calcium receptors leads In inappropriate 
secretion of PTI1 —> increased calcium resorption. Although hy percalce¬ 
mia is a main feature of this disease, urinary- calculi and renal failure are 
rare. 

Thiazide diuretics. 

Milk-alkali syndrome: Ingestion of excessive amounts of calcium-based 
antacids. 

Primary Hypoparathyroidism 

Causes in order of most to least common: Hypoparathyroidism following 
thyroid surgery, in which the surgeon accidentally removes the parathyroid 



KEY FACT 


Renal failure patients with 
secondary parahyperthyroidism may 
develop bony lesions and cystic 
demineralization. This condition, 
osteitis fibrosa cystica, occurs 
when the bone's normal cellular and 
marrow elements are replaced by 
fibrous tissues. 



MNEMONIC 


Patients with hypercalcemia: "'Stones, 
bones, groans, and psychiatric 
overtones." 




MNEMONIC 


Causes for hypercalcemia: 
MISHAP 

Malignancy, milk-alkali syndrome 

Intoxication with vitamin D 

Sarcoidosis 

Hyperparathyroidism 

Alkali 

Paget's disease 



KEY FACT 


in the case of parathyroid 
hyperplasia, the surgeon removes 
three of the four parathyroid 
glands, and then auto-transplants 
(reimplants) the piece of remnant 
parathyroid into the patient's 
forearm to serve as the sole source 
of PTH. 
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glands, pseudohypoparathyroidism due to PTII end-organ resistance, and 
DiGeorgc’s syndrome (failure of the third and fourth pharyngeal pouches to 
develop). 

Presentation 

Neuromuscular excitability due to hypocalcemia. 

Muscle fatigue and weakness. 

Numbness and tingling around the mouth, hands, and feet. 

Tetany; Glivostek's sign (tapping of the facial nerve in front of the car 
upper lip and facial muscles contract); Trousseau's sign (inflation of a BP 
cuff to a pressure higher than systolic BP -» carpal spasms). 

Laryngeal spasm. 

Basal ganglia calcifications (can cause parkinsonian symptoms). The ocu¬ 
lar lens can also be calcified, leading to cataracts. 

Depression, psychosis. 

Diagnosis 

CBC, endocrine: Decreased PTI1 —» decreased Ca, increased phosphate. 
Check albumin, vitamin D, Mg, alkaline phosphatase, and urine calcium 
as well. See 'fable 2-19 for lab differential of hypocalcemia. 

EGG: Increased QT interval 
Imaging: Basal ganglia calcifications. 

Treatment 

Calcium supplements, vitamin D supplements (calcitriol), and IV calcium 
gluconate for acute symptoms. 

Other Causes of Hypocalcemia 

Pseudohypoparathyroidism: End-organ resistance to PTH (kidney and 
hones do not respond to FIT!), Palicnls may have Albrights hereditary 
osteodystrophy, characterized by short stature, shortening of the fourth 
and fifth mciacarpals, and mild mental retardation. 
Pseudopseudohypopara thyroid i sin. 

Hvpoalbuminemia causes a decrease in tola) calcium, but ionized cal¬ 
cium levels are normal There are no clinical signs of calcium deficiency. 
Hypomagnesemia leads to decreased P il l synthesis and release. 

Acute pancreatitis; Enzymatic fat necrosis uses up calcium. Other condi¬ 
tions that lead to calcium sequestration include citrate excess after blood 
transfusions, acute increases in P0 4 due to rhabdomyolysis, tumor lysis, 
and ARE 


TABLE 2-19. Summary of Calcium Disorders 
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CALCIUM DRUGS 


Bisphosphonates (e,g., Alendronate) 

Mechanism 

Stabilizes bony matrix, coats hydroxyapatite to prevent osteoclasis from break¬ 
ing bone down. 

Uses 

Postmenopausal osteoporosis and in Bagels disease to reduce bone turnover. 

Side Effects 

Heartburn, stomach upset ioinl/back pain, headache. 

Calcitonin 

Mechanism 

Lowers serum calcium, has analgesic properties for bone pain. 

Administration 

Nasal spray. 

Uses 

Hypercalcemic states. 

Side Effects 

Runny rose, nasal discomfort, flushing, 

Caldtriol 

Mechanism 

Activated form of vitamin D increases calcium absorption from kidneys. 

Uses 

I lypoealeemia. 

Side Effects 

Signs and symptoms of vitamin D intoxication include weakness, headache, 
somnolence, constipation, and metallic taste. 



The adrenal or suprarenal glands coordinate lire body’s response in stress, 
'The gland is anatomically and functionally divided into hvo parts, the adrenal 
medulla (core) and outer adrenal cortex. 


The adrenal medulla is a functional extension of the sympathetic nervous sys¬ 
tem, secreting the catecholamines epinephrine and norepinephrine into sys¬ 
temic circulation. 

In contrast, the adrenal cortex synthesizes steroid hormones, collectively 
known as corticosteroids, which have diverse functions ranging from stress 
responses (cortisol) to control of water and electrolyte balance (aldosterone) 
to masculinizing effects (testosterone). 





ANATOMY 



Other neural crest derivatives 

include autonomic nervous system, 
dorsal root ganglia, cranial nerves, 
melanocytes, enterochromaffin cells, 
pia and arachnoid, celiac ganglion, 
Schwann cells, odontoblasts, 
parafollicular C cells of the thyroid, 
laryngeal cartilage, bones of the 
skull. 



Pheochromocytoma is a rare 
neoplasm formed from chromaffin 
cells at extra-adrenal sites (10%) or 
the adrenal medulla (90%). It is the 
most common tumor of the adrenal 
medulla in adults. 



Neuroblastoma is a neoplasm 
formed from neural crest cells that 
may be found anywhere along 
the sympathetic chain, including 
the adrenal medulla. It is the most 
common tumor of the adrenal gland 
in children. 


The triangithir-shaped adrenals sit atop the superuantenor aspects of the kid¬ 
neys, where they are encased in a capsule of fat and connective tissue (see 
Figure 2-23). 

The vascular supply to the adrenal glands consists of three sets of arteries: 
Superior adrenal arteries, which arc branches off the inferior phrenic 
artery 

Middle adrenal arteries, which originate from the abdominal aorta 
adjacent to the superior mesenteric artery (SMA) 

Inferior adrenal arteries, which arc branches off the renal artery 
I lie venous drainage of the adrenal gland differs between the two sides. 
Left adrenal —> left adrenal vein —> left renal vein —* inferior vena cava 

(iyo 

Right adrenal —> right adrenal vein —> IYC 


EMBRYOLOGY 


The adrenal cortex and medulla diflcr in terms of enihryologic origins. 
Adrenal cortex: Derived from mesoderm. 

Adrenal medulla: Derived from neural crest cells, which differentiate into 
chromaffin cells. 


HISTOLOGY 


The adrenal cortex is further divided into three distinct layers (see * I able 
2 - 20 ), 

Zona glmncrulosa: A relatively thin layer (I59E of the cortex) comprised 
of cells containing the enzyme aldosterone synthase. Consequently, the 
zona glomerulosa is the only layer dial is capable of producing appreciable 
quantities of the rrrineralocorticoid aldosterone. 

Zona fasciculuta; The largest layer (75% of the cortex) comprised of cells 
that synthesize and secrete glucocorticoids (cortisol and corticosterone) 
and smaller quantities of androgens and estrogens. 

Zona reticularis: The deepest layer (10% of the cortex) comprised of cells 
that synthesize adrenal androgens (dchyclrocpiandrosterone [DHEA| and 



Rlghl superior adrenal oa. 
Right adrenal v. 

Right adrenal gland 


Lett interior 
phrenic 


Abdominal 
cava aorta 


Superior 
mesenteric a, 


superior adrenal aa. 


Left adrenal gland 


adrenal v. 
Interior adrenal a. 


figure 2 - 2 \. Anatomy and btood supply of adrenal glands, (Modified, svith permission, 
from Bnmicanh FC, cl al H Schnwrtzs Principles nfSurgprw 8 th cck New York: McGraw-Hill 
2005: 145(f) 
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TABLE 2 - 20 . 

Adrenal Gland Summary 
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Hormone Controlled by 
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loss Leads to ... 

Region 

Glomerulosa 

Aldosterone 

Angiotensin II, 
potassium 

Hyponatremia, 

hypovolemia, 

hyperkalemia 

Fasciculate 

Cortisol 

ACTH 

Circulatory failure, 
decreased ability to 
mobilize sugars 

Reticularis 

Androgens 

ACTH 

Little physiologic 
effect (major role 
is in prepubertal 
development) 
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MNEMONIC 


androslenedione) in addition to smaller quantities of glucocorticoids and 
estrogens. 


STEROID HORMONE SYNTHESIS 


Cholesterol Acquisition 

Steroid hormones of the adrenal cortex are synthesized using cholesterol as a 
precursor. Approximately 20 7c of this cholesterol is produced tic novo within 
adrenal cortical cells; the remainder is acquired from circulating low-density 
lipoproteins (U)L)» Internalization of LDI> molecules is via endocytosis fol¬ 
lowed by hydrolysis within lysosomes to produce free cholesterol within cells. 

Synthetic Pathways 

Tree cholesterol within adrenal cortical cells is transported to mitochondria. 

The initial step in steroid hormone synthesis is rale-limiting and conserved 
across all layers of adrenal cortex. In this reaction, cholesterol desmolase 
converts cholesterol to pregnenolone (see Figure 2-24). ACTI1 and angio¬ 
tensin II stimulate this conversion, 

3-|3-I lydroxysteroid dehydrogenase and 21-hydroxylase are required for the 
synthesis of precursors in the pathways to both aldosterone and cortisol. 
11-P-Hydroxylasc is required for synthesis of cortisol. 

17-a-Hydroxylase converts pregnenolone and progesterone into aiitiro 
stenedione and DHF.A, respectively, both precursors of adrenal androgens. 
The ultimate products are aldosterone (zona glomerulus;!), cortisol (zona 
fasciculula), and androgens (zona reticularis). 


GLUCOCORTICOIDS 


Glucocorticoid Synthesis and Regulation 

The hypothalamus, anterior pituitary, and adrenal cortex interact to coordi¬ 
nate glucocorticoid synthesis. Hypoglycemia, trauma, illness, fever, psycho¬ 
logical stress, and physical exertion trigger lhe hypothalamus to secrete CRN. 

CR1I stimulates corticoirophs of the anterior pituitary to release AOTH 
(see Figure 2-25). 


CFR (glomerulosa, fasciculate, 
reticularis) corresponds with Salt 
(Na + ), Sugar (glucocorticoids), and 
Sex (androgens), "The deeper you 
go, the sweeter it gets." 



21-Hydroxylase deficiency, 

the most common form of 
congenital adrenal hyperplasia 

(CAH), leads to decreased 
levels of both glucocorticoids 
and mineralocorticoids with a 
concomitant rise in androgens. 
Clinically, patients show 
hy p o t e ns i on, I ly po n a t re m i a, 
hyperkalemia, and masculinization. 



In Hcx-hydroxylase deficiency, 

individuals lack the enzyme to 
synthesize cortisol or androgens, 
resulting in the accumulation of a 
shared precursor, pregnenolone (see 
Figure 2-25), Clinically, individuals 
are hypertensive and hypokalemic 
owing to shunting of pregnenolone 
into the synthetic pathway of 
aldosterone. 
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FIGURE 2*24, Steroid hormone synthetic pathways. 


ACTH uprcguhitcs dcsmolase, the rate-limiting step in cholesterol and, in 
turn, cortisol synthesis. ACTH also promotes gland hypertrophy. 

While OKI! and ACT! 1 stimulate cortisol production, the system employs 
negative feedback to provide regulation. High levels of cortisol inhibit 
CR11 and ACTH secretion (see Figure 2-25), 

Glucocorticoids 

Glucocorticoids, so named for their effects on blood glucose levels, are now 
recognized for a diverse set of actions including alterations in immune func¬ 
tion, bone turnover, and cardiovascular function. 

Cortisol: Predominant glucocorticoid (provides 95% of endogenous gluco¬ 
corticoid activity'}; potent (see Table 2-21 for overview of stress hormones)* 
Corticosterone: Immediate precursor to cortisol (provides < 5 7 f of endog¬ 
enous glucocorticoid activity); low potency. 

Cortisone, prednisone, methylprcdnisolone, and tlexamcthasonc: Syn¬ 
thetic glucocorticoids with various potencies relative to corlisol (see Table 
2 -? 2 ), 
















ENDOCRINE 



FIGURE 2-25. Effects and regulation of cortisol. 


Actions of Cortisol 

Cortisol plays multiple roles in maintaining homeostasis, influencing the 
immune response, intermediary metabolism, vascular tone, and to a limited 
extent, renal function. 

Promotes energy mobilization via gluconeogenesis: Cortisol effective!) 
increases blood glucose concentration. Cortisol reduces the uptake of glu¬ 
cose into cells, while simultaneously increasing the amount of substrate 
(gluconeogenic amino acids and glycerol) for glucose conversion in flic 
liver. Cortisol does so by stimulating 1 ipolysis and protein cataholism, Icad- 


table 2-21. Stress Hormones 
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GH 

Increases lipolysis in adipose tissue 


Promotes protein synthesis 

Glucagon 

Increases 1 ipolysis in adipose tissue 

Strmu fates glycogenolysis 

Promotes glucaneogenesis 

Cortisol 

Increases 1 ipolysis in adipose tissue 

Stimulates gluconeogenesis 

Upregulates vascular adrenergic («,) receptors 

Epinephrine 

Increases 1 ipolysis in adipose tissue 

Promotes glycogenolysis 
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TABLE 2-22. Synthetic Glucocorticoids 

Synthetic Steroid 

im i imj ii mu n ■iinii—wwirai 11 wmm 

Potency 

(Relative to Cortisol) 

Cortisone 

1 X 

Prednisone 

4 x 

Methylprednisolone 

5 x 

Dexamethasone 

30 x 
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KEY FACT 


Cortisol promotes gluconeogenests 
and suppresses inflammation under 
conditions of stress. 



Synthetic glucocorticoids (e.g. P 
prednisone) are commonly used 
in the acute management of 
inflammatory conditions such as 
asthma and rheumatoid arthritis. 



Cushing's syndrome is 

characterized by increased cortisol 
levels, producing the classic clinical 
picture: Hypertension, central 
obesity, weight gain, moon fades, 
insulin resistance, skin thinning/ 
striae, buffalo hump, osteoporosis, 
and amenorrhea (see Table 2*23 
for overview of abnormal cortisol 
states). 


mg In the mobilization of fatty ac ids and amino acids, respectively (see 
Figure 2*25), 

Aati-inflarnmatory effects: Cortisol both prevents inflammation and 
reduces existing inflammatory conditions. 

By stabilizing lysosomal membranes, it reduces the risk of lysosomal 
membrane rupture and minimizes the amount of proteolytic enzymes 
acting within the inflammatory milieu. 

Il promotes the synthesis of lipocortin, an inhibitor of phospholipase 
A-*. Phospholipase A-> normally supplies aratii Finnic acid for the syn¬ 
thesis of prostaglandins and leukolrrenes. Lack of these local inflamma¬ 
tory mediators decreases capillary permeability and lire recruitment of 
leukocytes to the inflamed tissue. 

Corlisol decreases production of inflammatory* cytokines (c.g. f TNF-a) 
leading to a reduction in macrophage activation, 

Corlisol also boosts the function of the adaptive immune system by 
inhibiting the production of interleukin-2 (IL-2), a cytokine involved 
in promoting T-ccIl proliferation. Other cytokines are also disrupted in 
this process. 

Lastly, cortisol blocks the release of histamine from mast cells and sero¬ 
tonin from platelets, thereby inhibiting allergic reactions. 

Adrenergic receptor upregulation: Cortisol helps smooth muscle main¬ 
tain responsiveness to the vasoconstrictive effects of norepinephrine by 
uprcgulaling a.-adrenergic receptors on vascular smooth muscle celts, 
Corlisol also contributes to vascular tone through inhibition of nitric oxide 
synthase, decreasing the production of the vasodilator nitric oxide. 
Mincralocortieoid activity: Though ils mineralocorticoid effects arc nor¬ 
mally negligible relative to its marked glucocorticoid activity (because it 
is inactivated by renal 11-hydroxysteroid dehydrogenase), in disease states 
characterized by very high concentrations, cortisol can exert a potent min¬ 
eral ocorl ieoid effect. 


MINERALOCORTICOID5 


Mineralocorticoid Synthesis and Regulation 

ACTH promotes aldosterone secretion (see Figure 2-24 for ils synthetic path¬ 
way); however, it has little to no effect on the rate of secretion. Only modest 
quantities of ACTH are necessary to initiate aldosterone synthesis. The rate of 
secretion is then either increased or decreased from the basal level, depending 
on changes in the ISCF volume, sodium or potassium concentrations in the 
ECF, and arterial pressures. The most important determinants of aldosterone 
secretion are: 
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table 2-23. Abnormal Cortisol States 
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Disorder 
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Cortisol ACTH 

Primary hype rcortisot ism (Cushing's syndrome) 

T 

i 

Secondary hypercortisolism (Cushing's disease) 

r 

T 

Primary adrenal insufficiency (Addison's disease) 

T 

T 

Secondary adrenal insufficiency 

T 

T 
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High scrum potassium increases secretion. 

Hie RAS increases secretion. 

High serum sodium decreases secretion (minimally). 

Actions of Aldosterone 

Aldosterone tuts three major and related effects; Increased sodium renbsorp- 
fion. increased IIP, and increased potassium excretion. 

Increased sodium reabsorption: Aldosterone stimulates the synthesis 
of new sodium channels in 1 he principal cells of the collecting tubules, 
'These additional sodium channels promote sodium reabsorption and 
reduce sodium excretion in the urine. 

Increased arterial pressure: Aldosterone increases total sodium rcabsorp- 
lion, but docs no! significantly alter serum sodium concentration, 'This is 
because water is also reabsorbed by the collecting tubules. The net effect 
is an increase in extracellular volume, which, over time, can cause arterial 
pressure to rise. 

Increased potassium secretion: Aldosterone induces the opening of large 
numbers of sodium and potassium channels in the principal cells of the 
collecting ducts. Enhanced sodium reabsorption is accompanied by 
increased potassium secretion into the tubule lumen. 


ADRENAL ANDROGENS 


Adrenal androgens (audrostenedione, DHEA, and dehydroepumdrosteronc 
sulfate [011KA-S]) play a relatively minor role in homeostasis, in part because 
these steroid hormones are relatively weak androgens and make up a small 
percentage of circulating sex steroids. Nonetheless, there are several periods 
during development when adrenal androgens take on a more important role. 

Fetal development: During pregnancy* because the placenta cannot syn¬ 
thesize cholesterol from acetate, it is incapable of producing sex steroids dc 
novo. Instead, it produces androgens and estrogens from precursors (e.g,, 
D1IKA-S) produced by the maternal and fetal adrenal glands. 

Adrcnarche: Adrenarche is a stage of adrenal maturation marked by 
increased synthesis of androgens resulting in pubic and axillary hair 
growth during puberty. The weak androgens released from the adrenals 
arc peripherally converted to the more powerful androgens testosterone 
and dihydrotestosterone (DHT), which ultimately act in secondary sexual 
differentiation in both sexes. 

Menopause; Menopause is marked by a cessation of ovarian estrogen 
production; however, postmenopausal women are not completely estro¬ 
gen deficient. Androstenedione produced by the adrenals and ovaries is 
peripherally converted to estrone by ibe enzyme aromatase. Estrone is a 
weaker estrogen relative to estradiol, the major premenopausal estrogen; 



KEY FACT 


Activation of the RAS and high 
serum potassium are the major 
stimulus for the release of 
aldosterone from the adrenal cortex. 



In Conn's syndrome, or primary 
aldosteronism, excessive aldosterone 
is produced by adrenocortical 
adenomas, carcinomas, or 
hyperplasia of the zona glomerulosa. 
Patients are generally hypertensive 
and hypokalemic 



Estrogen potency: Estradiol > 
estrone > esniol 



Because patients with 
11 h-hydroxylase deficiency 

lack an enzyme in the adrenal 
steroid synthetic pathway (see 
Figure 2-24), they cannot produce 
normal levels of cortisol and 
aldosterone. The steroid precursors 
are shunted into the production 
of excessive quantities of sex 
hormones. Consequently, patients 
with 11 [Fhydroxylase deficiency 
are hypertensive and females are 
virilized. 
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consequently, estrone does not provide adequate protection against the 
long-term consequences of estrogen deficiency (e.g., osteoporosis, vasomo¬ 
tor symptoms, and cardiovascular changes). 


DISORDERS OF THE ADRENAL GLAND 


Cushing's Syndrome 

Cushings syndrome refers to excess cortisol, and is most common I v caused 
by iatrogenic overadmini strati on. Other causes include pituitary adenomas 
(excess ACTH from the pituitary —> bilateral adrenal hyperplasia), adrenal 
tumors, and ectopic ACTH production (small cell carcinoma of the lung, 
bronchial carcinoid tumors). 

Presentation 

Patients with Cushings syndrome present with features consistent with excess 
cortisol {see Figure 2-26). 

Central obesity, moon facies, buffalo hump 
I (ypertension 

Glucose intolerance (decreased peripheral glucose utilization, increased 
hepatic glu eon oogenesis) 

Purple striae 

Muscle wasting and weakness 

Osteoporosis 

Depression and mania 

Decreased immunity —> increased risk of infections 

Diagnosis 

Initial screen is the overnight dexamefhasone (a cortisol analog) suppression 
test (see f igure 2-27). In normal individuals, it suppresses ACTH release from 
the pituitary and results in decreased cortisol release. In Cushing’s syndrome, 
cortisol levels will fail to be suppressed and remain high. A 24-hour urinary 
free cortisol excretion can be use to confirm the diagnosis. If the urine test is 
still abnormal, a high-dose dexamethasone suppression test is used. Cortisol 



figure 2 - 26 , Presentation of Cushing's syndrome, i Reproduced, with permission, from 
Wolf! K. Johnson RA, Suunnand, D, Fitzpatricks Color Allas & Synopsis of Clinical Dermatol¬ 
ogy , 5ll i ed, Nevv York: \ 1 cG raw-H il 1, 2005: 442J 










FIGURE 2-2 7. Diagnosis of Cushing's syndrome. 

will be suppressed in pituitary Cushing’s, but not in ectopic Cushings (see 
Table 2-24). 

Primary Hyperaldosteronism (Conn’s Syndrome) 

Conn's syndrome is caused by excess secretion of aldosterone, causing 
increased sodium retention and potassium secretion. Primary aldosteronism is 
most commonly due to a benign adenoma in the zona glomcrulosa. Second¬ 
ary causes include: 

Renin-secretirig tumors, renovascular disease such as renal artery stenosis, 
and malignant hypertension. 

Edematous state with decreased arterial volume (CUE, cirrhosis, nephrotic 
syndrome), and hypovolemia, diuretics, and genetic diseases like Barber’s 
syndrome (defective Na-K-Cl transporter), or Gitehrum’s syndrome (defec¬ 
tive Na-Cl transporter). 

Excess non-aldosterone mineralocorticoid due to exogenous mineralocor- 
ticoids, GAH, and licorice ( leads to build-up of precursors of cortisol). 


TABLE 2-2*. Summary of Cushing’s Syndrome 



Serum/Urine 

Cortisol 

ACTH 

High-Dose 

Dexamethasone 

Test 

Pituitary Cushing's 

t 

: 

Cortisol suppressed 

Adrenal Cushing's 

r 

i 

Cortisol not 
suppressed 

Ectopic Cushing's 

T 

i 

Cortisol not 
suppressed 
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Presentation 

Sodium and water retention causes hypertension. 1 lypokalemia causes 
symptoms of muscle weakness and polydipsia/polyuria. 
lixcess aldosterone causes increased Nn reabsorption and increased K and 
H + secretion —> hypernatremia, hypokalemia, and metabolic alkalosis. 

Diagnosis 

Screen for hypertension. 

Labs: Na, decreased K, and H + . 

Hormones: both aldosterone and renin are measured. Because of the high 
aldosterone levels, renin is suppressed. A low renin-aldosterone level {< 
0.05) is diagnostic. 

Sodium suppression test: Sodium load patient and then measure for 
appropriate aldosterone suppression, Infusion of saline normally decreases 
aldosterone levels, but will not do so in Conn's syndrome. 

Treatment 

Surgery to remove the adenoma in the adrenal gland. Spironolactone inhibits 
aldosterone action on the kidneys. Other anti hypertensives can also be used. 

Addison's Disease 

Addison’s disease is most commonly due to autoimmune destruction of the 
adrenal glands. Primary causes include infection (TB, cytomegalovirus, histo¬ 
plasmosis, disseminated meningococcemia in Waterhouse-Friderichsen syn¬ 
drome), vascular disorders (hemorrhage or infarction), metastasis, infiltrative 
disease (hemochromatosis, amyloid, sarcoidosis), and drugs such as kctocon- 
azole and rifampin. Secondary causes most commonly include abrupt with¬ 
drawal of corticosteroids, or any cause of primary or secondary panhypopi¬ 
tuitarism leading to decreased ACTH secretion. 

Presentation 

Most commonly presents with weakness, fatigue, anorexia, nauseaAomiting, 
orthostasis, hyponatremia, and hypoglycemia, which stem from decreased 
cortisol. 

Increased ACTH in primary adrenal insufficiency leads to skin hyperpig- 
mentation (due to MSH in ACTH), hyperkalemia; decreased aldosterone 
leads to hypotension (due to salt loss), weakness, and hypoperfusion lead¬ 
ing to syncope. 

Diagnosis 

ACTH challenge: Administer ACTH to boost cortisol. Normally* the 
adrenal gland increases its production of cortisol in response to ACTH. In 
primary and chronic secondary adrenal insufficiency, there is no increase 
in cortisol production when ACTil is given. In acute secondary adrenal 
insufficiency, cortisol may be normal. 

Labs: Decreased Na, increased K, decreased glucose. 

Endocrine: Decreased cortisol levels; ACTH may be elevated (primary), 
or decreased (secondary). 

CBC: Increased eosinophil count. 

Treatment 

Treatment for Addison s disease involves replacement of glucocorticoids and 
mineralocorticoids. 






KEY FACT 


Congenital Adrenal Hyperplasia 

CAII is ii group of autosomal recessive disorders that cause cortisol deficiency, 
which results in increased corticotropin production and adrenal gland hyper* 
plasia. 

Treatment 

Glucocorticoids prevent excess AOTH secretion from stimulating the adrenal 
gland, 

Pheochromocytoma 

Pheochromocytoma arises from the chromaffin cells, which are mainly 
located in the adrenal medulla (10% are extra-adrenal), Pheochromocytoma 
may be associated with MEN types IIA and I IB, neurofibromatosis, and von 
I lippel-Lindau syndrome. 

Presentation 

I lypertcnsion, palpitations, anxiety, weight loss. 

Diagnosis 

24-hour urinary metauephrme and vtmillylimndclic acid (breakdown 
products of catecholamines), 

Clonidiiie suppression test elonidme normally decreases NE, hill it 
remains elevated in patients w ith pheochromocytoma. 

Treatment 

The treatment of choice is surgical removal of ihe pheoclmimocyioma. Medi¬ 
cal therapy involves use of ochlockers (pheuoxybenzaininc, plientolaminc) 
and p-blockers. 



Pancreas 


!m fil/m 



The pancreas is a multifunctional organ of the endocrine and digestive sys¬ 
tems, The endocrine pancreas plays a vital role in carbohydrate* lipid, and 
protein metabolism through the secretion of two hormones: insulin and 
glucagon. 


ANATOMY 


The pancreas is a retroperitoneal organ situated posterior to the stomach. It 
lies between the duodenum and spleen {see Figure 2-28). [t is divided into 
four segments: Head, neck, body, and taik The pancreatic bead lies adjacent 
to the second segment of the duodenum, while the tail abuts the spleen. The 
body of the pancreas lies transversely across the rctroperitoneuin, (The pan¬ 
creatic ductal system is discussed in the gastrointestinal chapter. ) 

The arterial blood supply to the pancreas is composed of: 

Pancreatic arteries: Supply the body and tail of the pancreas, and are 
derived from splenic artery. 

Superior pancreaticoduodenal: Supplies the head of the pancreas, and is 
derived from the gastroduodenal artery. 

Inferior pancreaticoduodenal: Supplies the bead of the pancreas, and i.v 
derived from the SMA. 


i 

Hypertension: t7(X’Hydroxyiase 
deficiency 

Increased sex hormones: 

21-Hydroxylase deficiency 
Increased sex hormones and 
hypertension: 11 [^Hydroxylase 
deficiency 


KEY FACT 


MEN syndrome 

■ MEN 1 (Wermer's syndrome) 
= three Ps (Parathyroid 
hyperplasia. Pancreatic islet cell 
tumors. Pituitary tumors) 

■ MEN type 2A (Sipple s 
syndrome) = MPH" 
(Medullary thyroid carcinoma, 
Pheochromocytoma, 

Hy perpa ra t hy ro id i sm} 

• MEN type 2B = *MMP 

(Medullary thyroid carcinoma, 
Mucosal neuromas, 
Pheochromocytomas) 



KEY FACT 


Pheochromocytoma rule of I Os: 

10% Familial 

10°/o Bilateral 

10% Malignant 

10% In children 

10% Extra-adrenal 
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Because ol its transverse orientation 
anterior to the vertebral column, the 
pancreas is susceptible to rupture 
following severe abdominal trauma 
(e.g., automobile accidents). Seat 
belts transmit large compressive 
forces on the abdomen that 
effectively drive the vertebral column 
through the body of the pancreas. 



Portal 
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Hepatic artery Common hepatic a , 
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, Abdominal aorta 
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duodenal a. 

Posterior superior 
pancreatico 
duodenal a. 
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FIGURE 2 * 2 B * Anatomy of the pancreas with its arterial supply. 



An annular pancreas develops 
when impaired rotation of the 
pancreatic buds prevents normal 
fusion. The buds remain wrapped 
around the duodenum, which is 
manifest as polyhydramnios and 
duodenal obstruction. 



During pregnancy, a woman with 
diabetes must strictly control her 
blood glucose levels. Maternal 
glucose crosses the placenta 
during pregnancy and causes fetal 
hypennsulinenrm Hyperglycemia 
has adverse effects on the 
developing fetus, increasing the 
risk of fetal congenital anomalies. 
Following delivery, rapid withdrawal 
of high glucose levels in the setting 
of persistent hypedn$ulinemia in 
the neonate may result in severe 
hypoglycemia, 


The venous drainage of the pancreas is provided by pancreatic veins that 
drain into the portal vein from tributaries of the splenic vein and superior 
mesenteric vein. 


EMBRYOLOGY 


The primitive gut tube is composed of the foregut, midgui, and hindguL 
Eorcgut derivatives include the esophagus, stomach, upper duodenum, liver, 
gall bladder, and pancreas. 

The mature pancreas develops from two separate buds of tissue oft the foregut: 
Hie ventral and dorsal pancreatic buds. The ventral bud gives rise to the pan¬ 
creatic head and uncinate process, while the dorsal bud forms the remaining 
components of tire pancreas. 

During development, the buds rotate and fuse to form a complete pancreas 
derived primarily from endoderm (acinar cells, islet cells, and acinar epithe¬ 
lium are endoderm derivatives). 

Pancreatic exocrine and endocrine functions begin at different stages of devel¬ 
opment. Exocrine function begins shorth after birth, whereas endocrine sig¬ 
naling commences at weeks 10-15 of development. The developing Ictus can 
begin to regulate blood glucose levels relatively early in development. 


HISTOLOGY 


The islets of Eangcrlrans are clusters of hormone-producing cells interspersed 
within pancreatic exocrine tissue, Each islet contains hundreds of endocrine 
cells surrounded bv rich capillary networks. Approximately 1 million islets arc 
found across the pancreas, with greater numbers located in the tail. 















TABLE 2-25* 

Islet Cell Types and Function 



Cell Type 

Quantity 

Location 

Hormone 

Function 

Alpha (a) 

20% 

Periphery 

Glucagon 

Increases blood glucose 

Beta (jt) 

7Q% 

Central 

Insulin 

Decreases blood glucose 

Delta (5) 

<5% 

Variable 

Somatostatin 

Inhibits release of other 

islet cell hormones 

F'type 

Rare 

Variable 

Pancreatic 

polypeptide 

Control of gastric secretion? 

Control of islet secretion? 




(Adapted, with permission, from Junqueira LC, Carneiro J, Basic Histology: Text & Atlas, 11 th ed. 
New York: McGraw-Hill, 2005: 408.) 


The three major cell populations within islets arc shown in Mable 2*25. 

Autonomic nerve fillers innervate the blood vessels and endocrine cells of I he 
pancreatic islets- The sympathetic and parasympathetic nervous systems influ¬ 
ence insulin and glucagon secretion. Because nerve fibers are in close apposi¬ 
tion with only 10% of islet endocrine cells, gap junctions play a role in the 
spread of signals to the remaining cells. 



In type 1 DM (DJVM), autoimmune 
destruction of pancreatic p ceils 
leads to insulin insufficiency. 


INSULIN 


Biosynthesis 

Insulin is a small protein composed of two polypeptide chains, A and B. joined 
by disulfide linkages. It is synthesized as a preprobormone. A series of prote¬ 
olytic reactions in the endoplasmic reticulum and Golgi complex generate the 
biologically active form of insulin (51 amino acids) and an inactive peptide 
referred to as C-peptidc (31 amino acids). C-peptide is derived from the cleav¬ 
age of proinsulin to form insulin. Upon stimulation of the p cell, insulin and 
C-peptidc are released into the circulation in equimolar quantities. 



In patterns with hypoglycemia 
secondary to high circulating 
insulin levels. C-peptide levels help 
distinguish between endogenous 
(e.g., insulinoma) and exogenous 
(e.g., surreptitious use) sources. 


Secretion 

Glucose is the most powerful stimulus for insulin release (sec I able 2-26). 
Glucose enters £1 cells via the glucose transporter GLUT 2. This transport is 
by facilitated diffusion, meaning dial the intracellular glucose concentration 


TABLE 1-26. Factors Affecting Insulin Release 


Promote Insulin Secretion Inhibit Insulin Secretion 


Glucose 
Amino adds 
Vagal stimulation 
Suffonylureas 

CCK. GlP, glucagomlike peptide 
Secretin, gastrin 
(i-Adrenergic stimulation 


u-Adrenergic stimulation 
Somatostatin 

Drugs: Phenytoin, vinblastine, colchicine 





































equilibrates with the serum glucose concentration. Increases in serum glu¬ 
cose within p cells are shunted into the glycolytic pathway. Increased glucose 
catabolism leads to a rise in the intracellular ATP:ADP ratio, which causes the 
ATP-sensitive potassium channel on the surface of p celts to close. Closure 
of this potassium channel leads to depolarization of the cell resulting in open¬ 
ing of calcium channels. This rise in intracellular calcium facilitates insulin 
release from the cell (see Figure 2-2^), 

Another mediator of insulin release is the second messenger cAMR Serum 
glucose stimulates cAMP formation within the (3 cell, which mobilizes intra¬ 
cellular calcium stores. This calcium combi lies with calcium entering as a 
result of membrane depolarization {see above) to increase insulin secretion. 

Insulin Receptor Activation 

Stimulation of the insulin receptor leads to downstream signaling cascades 
that result in alterations in metabolism and growth. 

The insulin receptor is a member of the GF family. It consists of two 
entirely extracellular a subunits and two tmnsrnembrane [3 subunits linked 
by disulfide bonds. The p subunits have tyrosine kinase activity. 

Insulin binds to the a subunits of its receptor, resulting in autophospho- 
rylatiot i and activation of the p subunits. The activated p subunits recruit 
additional proteins to the cell membrane, including adapter molecules, 
kinases, and phosphatases (see Figure 2->0), 

Two signaling pathways exist downstream of the activated insulin receptor: 
Mitogenic pathway: Responsible for the growth-promoting effects of 
insulin due to activation of the MAP kinase cascade 
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figure 2-29, Pancreatic \\ cell insulin secretion. 
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FIGURE 2-30. Insulin receptor and downstream signaling. I Modified, with pcmiissinu, 
from ftmnieardi ! ; C, Schwartz's Principles of.Suigm, Sill cd. New York: McGrmvd till, 2005i 
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Metabolic pathway: responsible lor alterations in nutrient metabolism 
ii Activation of phosphatidyIinositol-3-kmase in the metabolic path¬ 
way leads to GLUT-4 transporter insertion in the cellular mem¬ 
brane and stimulation of anabolic pathways 
Insulin-bound receptors are internalized within the cell membrane follow¬ 
ing continued exposure to insulin. This down regulation desensitizes target 
tissues to the effects of insulin. 

In response to low insulin levels, target tissues uprcgulate the number of 
insulin receptors on their surfaces. 

Action 

Insulin's actions on carbohydrate and lipid metabolism are mediated mainly 
by three types of tissues: Liver* muscle, and fat The coordinated actions of 
insulin at these tissues promote the storage of nutrients by the body. 

Effects on the liven 

Stimulates glycogen formation (upregulates activity of glucokinase and 
glycogen synthase). 

Inhibits glycogenolysis (glycogen phosphory laseactivity reduced). 
Inhibits gluconcogenesis (phosphofnictokinase activity enhanced). 
Inhibits catabolism of fatty acids and amino acids. 

Promotes triglyceride synthesis. 

Effects on muscle: 

Increases glucose uptake (promotes insertion of GLUT 4 on target cell 
membranes). 

Stimulates glycogen formation (upregulates activity of glycogen 
synthase). 

Increased amino acid uptake and protein synthesis. 

Decreased protein degradation. 






















Effects on f;it: 

Increased glucose uptake (promotes insertion of GLUT 4 on target 
cells). 

Increased triglyceride storage (enhanced lipoprotein lipase activity pro¬ 
motes triglyceride hydrolysis from lipoproteins). 


GLUCAGON 


Biosynthesis and Secretion 

Glucagon is a counterregulalory polypeptide secreted by pancreatic a cells. 
'Hie stimuli for glucagon secretion include amino acids, catecholamines, 
gastric hormones, glucocorticoids, and most importantly, hypoglycemia (sec 
1 able 2-27). 


Action 

The main action of glucagon is to promote elevations in blood glucose con¬ 
centrations. Glucagon is a catabolic hormone that balances tire energy-storing 
(anabolic) effects of insulin. The major site of action of glucagon is the liver. 
It stimulates surface-bound receptors on hcpalocytes, thereby activating AC 
and raising the levels of cAMP within cells* cAMP is the second messenger 
responsible for mediating the downstream effects of glucagon* The major 
actions of glucagon arc: 

Promotes increases in serum glucose: 

Increased glycogenolysis (Secondary to increased glycogen phosphory- 
lase activity). 

Increased gluconeogenesjs {secondary to decreased phosphofrnctoki- 
nase activity). 

Increased amino acid uptake by liver (provides substrate for 
gluconcogenesis). 

Stimulates increases in serum fatty acids: 

Activates adipose cell lipase, thereby increases serum free fatty adds. 
Inhibits storage of triglycerides in the liver. 

Leads to elevations in urea production: 

Amino groups from catabolized amino acids are shunted into the urea 
cycle* 

The minor actions of glucagons are: 

Increased bile secretion* 

Increased cardiac contractility. 

Decreased gastric acid secretion. 

Increased local blood flow in selected tissues. 


table 2 - 27 . Factors Affecting Glucagon Secretion 


T Glucagon Secretion 

■MMnnm 11—Mill IHIttUIII ill—i nimt Uilimn n^iim i mu 1 1 is 

l Glucagon Secretion 

Hypoglycemia 

Hyperglycemia 

Norepinephrine, epinephrine 

Fatty acids 

Amino acids 

Somatostatin 

CCK, gastrin 

insulin 

Glucocorticoids 














SOMATOSTATIN 


Somatostatin is a relatively small polypeptide (14 amino acids) secreted by tbe 
pancreatic 6 cells in response to high levels of blood glucose, amino acids, 
fatty acids, and gastric bormones. Somatostatin lengthens the period over 
which nutrients arc incorporated into the circulation. Actions of somatostatin 
include: 

Decreased secretion of insulin and glucagon (paracrine effect). 

Decreased gastric, duodenal, and gallbladder motility. 

Decreased function of intestinal mucosa {decreased absorption and 
secretion). 


DISORDERS OF THE ENDOCRINE PANCREAS 


Diabetes Mellitus 

Hyperglycemia is the key feature in DM, which results either from reduced 
insulin secretion (type 1, DM-1) or tissue resistance to insulin (type 2, DM-2) 
{see Table 2*28). Complications of DM can be divided into neuropathy, 
microvascular disease (retinopathy, nephropathy), and macrovascular disease 
(atherosclerosis). 

Presentation 

Polyuria, polydipsia (glucose-induced osmotic diuresis —* dehydration). 
Macrovascular complications: 

Atherosclerosis: Advanced glycosylatiun end-products (AGE) produce 
changes in collagen composition in arterial walls and traps LDL, lead¬ 
ing to increased lipid deposition. 

Coronary artery disease. 

Peripheral vascular disease. 

Strokes. 

Microvascular complications: 

Diabetic nephropathy: Hyalinization of glomerular arterioles (Kimmel- 
stid-Wilson syndrome), proteinuria/microalbuininuria. 

Diabetic retinopathy (sec Figure 2-3 1}, 


TABLE 2 - 2 B , DM-1 and DM-2 


Feature 

DM-1 

■ .jjiitiiii!ffi!i Mi tn 11 fittriitei tn i-iuffi is i iifrirtNHiwiirriuHmiu iti ■ i ■ f 14 v i iwjinnttitti ipjaaj in 11 i 

DM-2 

Percentage of DM cases 

10% 

90% 

Prevalence 

0.2%—0.5% 

2%-4% 

Age of onset 

<30 

>40 

Pathogenesis 

Family history uncommon; HLA*BB, *B15 r -DR3, 
and -DR4 association; autoimmune islet (3-cell 

destruction 

Family history common {90%-100% concordance rate 
for identical twins) 

Body habitus 

Thin 

Obese (fat reduces number of insulin receptors) 

Treatment 

Insulin 

Diet; oral hypoglycemic drugs; insulin 

Dreaded complications 

mi innmti|tii|imriii«*w™MMiTnt»rrnii 4 i 

Ketoacidosis prone 

Hyperosmolar nonketotic coma 
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FIGURE 2-31, Diabetic retinopathy showing exudates, microaneurysms, and blot hem* 
orrhages. {Reproduced, with permission, from Kasper Dl„ BmtmwaUI Kmci AS, tUil. IUu 
nmi's Prindplv\ of 1 11 temal \ ledicine , 16(1 1 ed, Ncw \o rk: McGraw-f I iIt, 2005: 2163.) 


Diabetic neuropathy: Peripheral neuropathy (loss of pain and vibratory 
sensation), autonomic neuropathy (sexual impotence, delayed gastric 
emptying). 

Pathogenesis of Diabetic Ketoacidosis (DKA) 

DKA is a complication of DM-1, Invents {e.g., forgetting to take insulin, infec¬ 
tions, illnesses, excess alcohol ingestion) that decrease insulin precipitate 
ketoacidois* Lack of insulin causes lipolysis and releases free fatly acids from 
adipose tissues. Patients present with: 

Kussmmil's respirations (rapid, deep breathing) 

Acetone in breath (fruity odor) 

Dehydration, orthostatic hypotension 
Al teTe d c t m sc i ousn ess/eonia 

Decreased insulin —> increased lipolysis —$ increased glycerol and Free fatty 
adds —> [3-oxidation of free fatty acids —> increased ketones. 

Diagnosis (Sec Table 2-29) 

Glycosylated HbAj c provides a way to monitor glucose control over the 
preceding 2-3 months. Ideal goal is to keep HbA lc < 1 % (see Table 2-30), 


table 2-29. Diagnostic Criteria for Diabetes 


Test 

Diabetes Criteria 

Random plasma glucose 

> 200 mg/dL with symptoms 

Fasting glucose 

> \ 25 mg/dL on two occasions 




















TABLE 2-30. 

urTpffjjjUiiiilirrnMiMiiii 

> 10% 

Interpretation of HbA !c Levels 

Poor control 

8.5%-10% 

Fair control 

7%-8.5% 

Good control 

<7% 

Ideal control 


Treatment 

Insulin is usually given by SC injection; it can also be given IV for emergency 
situations (OKA). All 0X1-i patients need insulin. For OM-2 diabetics, diet 
and exercise should be the first line of therapy. Mast require pharmacologic 
treatment, including oral hypoglycemic drugs (metformin, sulfonylurea) and 
some also need insulin. Complications include fungal infections, particularly 
Candida albicans* and nonhealing ulcers and wounds. 


Insulinoma 

An uncommon cause of hypoglycemia in non-diabetics, insulinomas result 
from tumors of p cells in the pancreas. Often associated with MKN 1 syn¬ 
drome. Other causes of hypoglycemia that must be ruled out include exog¬ 
enous insulin or sulfonylureas, anti-insulin antibodies, or decreased glucose 
production secondary lo adrenal insufficiency, liver failure, alcoholism, 
hypopituitarism, glucagon deficiency, and sepsis. 


Presentation 

Patients with insulinomas present with Whipples triad: 

Fasting hypoglycemia. 

Symptoms of hypoglycemia (excessive epinephrine —> sweating, tremor, 
tachycardia: CNS dysfunction —> dizziness, headache, change in mental 
status). 

Relief of symptoms after I\ glucose. 

Diagnosis 

Increased insulin + C-peplide. 

Chemistries: Check glucose level and C-peptide; if increased insulin but 
decreased C-peptide, then it is factitious hypoglycemia (see Table 2-VI). 
P-011 butyrate. 

BUN/Cr, LFTs, TITs. 

« 1GF-I, 



KEY FACT 


Causes of hypoglycemia; 

■ Exogenous insulin 

■ Insulinomas 

■ Ethanol ingestion 

» Postoperative complication of 
gastric surgery 

■ Reactive hypoglycemia 

■ Liver failure 


TA a l £ 2 - J 1. Insulinoma vs. Factitious Hypoglycemia 

. . ...—liHillililinHliliim inn 


Insulinoma Factitious hypoglycemia 

t t 


Seram insulin 




















TABLE 2-12. Other Tumors of the Pancreatic Islet Cells 
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Tumor Features 

' ii iiTTtmmiii - imnitmm«n 

Diagnosis 

Gastrinoma (Zollinger- 
Ellison syndrome) 

Excess gastrin release leads to T 
add and peptic ulcer disease. 

T Basal add output (BAO) 

IV secretin test shows T 
gastrin, 

Chicago noma 

Tumor of a cells. 

Associated with diabetes. 

Necrolyfk migratory 
erythema (red, scaly rash). 

Glucagon levels not 
suppressed by glucose. 

VIPoma (Verne r- 
Monison syndrome, 
pancreatic cholera) 

Increase in vasoactive intestinal 
peptide (VIP); watery diarrhea; 
hypokalemia; achlorhydria. 

Clinical, 
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Treatment 

Surgical resection ij. used to treat insulinomas. for acute treatment for other 
causes of hypoglycemia, sugar-containing foods are given by mouth. II the 
patient cannot eat, D5QW is given. 

Methods of treatment of other types of tumors of the islet cells are shown in 
Table 2-32. 


DIABETES DRUGS 


Those with PM-1 require insulin, while those with DM-2 can be managed by 
lifestyle modi Ileal inns (exercise, diet), oral hypoglycemic drugs, and/or insu¬ 
lin. The goals of diabetic pharmacologic therapy arc to control acute symp¬ 
toms and limit future complications. 

Insulin 

Insulin is self-administered by su ben I ancons injection, typically in the abdo¬ 
men, arms, or legs. II can be given IV in emergency situations (i.e., DKA). II 
is usually given as tw o-thirds of the daily dose in the morning and one-third of 
the daily dose in the evening. There arc new inhaled forms as well. 

Mechanism 

Supplies insulin in insulin deficiency (DM4) or resistance (DM-2), leading 
to decreased plasma glucose. 


Uses 

DM4, DM-2, DKA. 

Insulin comes in short-, intermediate-, and long-acting forms that affect its 
dosing schedule (see Table 2-35). 

Side Effects 

I lypoglycemia. 
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TABLE 2 - 35 . Types of Insulin 
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Insulin Type Onset of Action Duration of Action Notes 


Ultra-short acting 
Insulin lispro 

Insulin aspart 

20 min 

4 h 


Rapid acting 

Regular 

1 h 

6-8 h 

Only type of 
insulin given IV. 

Intermediate acting 

NPH 

Lente 

2-4 h 

10-18h 

Most widely used 
type of insulin. 

Long-acting 

» 12 h 

24 h 


Glargine 

14-24 h 

36 h 


Protamine zinc 

Ultralente 

18-24h 

36 h 

a£»»iittrumtr»mnuiiiuiuii 11 if mi i nmi iii*nrm» 


ORAL HYPOGLYCEMIC DRUGS 


Suifonylureas 

Mechanism 

Inhibits potassium channels on p cells, anti prevents hypcrpolnrizntion and 
leads to membrane depolarization, increased calcium influx, and insulin 
release; increased insulin leads to decreased glucagon release from a cells, 
and increased tissue sensitivity to insulin. 

Uses 

DM-H; for glucose control after failure of conservative diet and exercise regi¬ 
men, Successful therapy requires ~ i0% of ji-cell function (secondary failure 
of drug due to decreased [3-ccl 1 function). Used in thin patients. 

First-generation: Tolbutamide (good in renal dysfunction), chlorprop¬ 
amide (long acting, may cause SIADfl and disulfiram-1 ike reactions). 
Second-generation: Glipizide, glvburidc. 

Side Effects 

Hypoglycemia, weight gain, hypersensitivity; hyperglycemia with cirnetidinc. 
insulin, salicylates, sulfonamides. 

Metformin 

Mechanism 

Decrease hepatic glucose production; increase peripheral insulin sensitivity. 
Exact mechanism of action unknown. Decreases postprandial glucose levels 
hut does not cause weight gain or hypoglycemia (cuglycemic). 
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Uses 

l‘'irsl line for obese diabetic patients; synergistic with sulfoiiylureas, in patients 
without renal failure. Contraindicated in patients with renal impairment 
I drug excreted by kidneys). 

Side Effects 

I ,actic acidosis. Cl distress (nausea, diarrhea). 

Acarbose 

Mechanism 

Inhibits a-glvcosidasc —> decreased carbohydrate absorption from the Cl tract 
—> decreased insulin demand. 

Uses 

Refractory DM-2. 

Side Effects 

flatulence, diarrhea, abdominal discomfort. 

Thiazolidinediones (Rosiglitazone, Pioglitazone) 

Mechanism 

Binds nuclear peroxisome prnliterator-activated receptor (I’PAR) to control 
transcription of insulin-responsive genes, leads to insulin sensitization and 
decreased hepatic gluconcogenesis and insulin receptor upregulation. 

Uses 

DM-2, in the absence of liver disease. 

Side Effects 

Weight gain, edema, liver function abnormalities. 

Repaglinide 

Mechanism 

Works like sulfonylurcas by stiimilating release of insulin from the pancreas. 

Uses 

DM-2. 

Side Effects 

1 lypoglycemia, weight gain. 




Key Terms 


Suprarenal gland Another name for the adrenal gland. 


Cushingoid 


Displaying the signs and symptoms of Cushing's disease. 


"Hot" nodule 


Thyroid nodule that takes up iodine on thyroid scan (thus is 
functional). 


"Cold" nodule 


Thyroid nodule that does not take up iodine on thyroid scan 
(thus is nonfunctional). 


Sestamibi scan 


Radiologic study using labeled radioactive technetium-99 that is 
used to locate parathyroid glands prior to surgery. 


Hemoglobin A, c Test used to monitor glycemic control over a period of about 


3 months. The higher (he fevel of hyperglycemia, the more 
elevated the level of glycosylated hemoglobin. 


Bitemporal 

hemianopsia 


Classic symptom of pituitary tumors, which due to their location 
impinge on the optic chiasm, resulting rn double or blurry vision. 



Sec Table 2-34, 

Cushing's Syndrome 

Syndrome caused by increased cortisol. Presents with a variety of signs and 
symptoms, including hypertension, weight gain, truncal obesity* “buffalo 
lmmp,' + moon facies, hyperglycemia (secondary to insulin resistance), purple 
striae (may appear like stretch marks), thinning skin, osteoporosis, amen* 
or rhea, and immunosuppression. Causes can be separated into four broad 
categories: 

Exogenous steroids. Most common cause, from chronic prescription ste¬ 
roid use, 

Cushing's disease: Occurs with a primary pituitary adenoma, which pro¬ 
duces increased ACTH. Note that Cushing's disease is very specific for 
a pituitary adenoma, while Cushing’s syndrome has several causes and 
describes any state that results in increased cortisol production. 

Adrenal causes: Functional adenomas may produce increased levels of 
cortisol. Some adrenal cancers may do so as well. 

Ectopic ACTH production not by the adrenals: Occurs in certain para* 
neoplastic syndromes (i.c. f small cell lung cancer). 

Hyperaldosteronism 

Increased levels of aldosterone resulting from abnormalities with in I lie adre¬ 
nal gland (primary hyperalclosteronism), or from systemic pathology (second¬ 
ary hyperaldosteronism) 























TABLE 2-34. Summary of Adrenal-Related Hormones 
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Adrenal Cortex 

Function 

Aldosterone 

Release stimulated by the re niiv angiotensin axis. Acts at the level of the kidney to retain sodium (and thus 
water) and excrete potassium. Produced in the zona glomerulosa. 

Cortisol 

Glucocorticoid that functions as a stress hormone. Promotes glycogen formation in the liver and catabolism of 
fatty acids for energy. Release is stimulated by ACTH, Produced in the zona fasciculate. 

Androgenic steroids 

Sex hormone that results in development of male sexual characteristics (hair growth and muscle mass). 

Produced in the zona reticulata. 

Adrenal Medulla 

Function 

Epinephrine 

Stimulated by sympathetic neurons in response to stress. Strong vasopressor effects, as well as tachycardia, 
pupillary constriction, breakdown of glycogen, and immunosuppression. Increases myocyte excitability. 

Norepinephrine 

Stimulated by sympathetic neurons in response to stressors. Acts to increase heart rate, stimulate glucose 
release from glycogen stares, and prepare muscles for response (*1ight-or-flighf hormone). 


Primary hypcraldosteronism (Conn's syndrome): Caused by an aldoster- 
onc-secrcting adrenal tumor; symptoms include hypertension, hyperna¬ 
tremia, hypokalemia, metabolic alkalosis, and low plasma renin. 

Secondary hvpemldosleronism: Occurs when the 11 P-scnsing apparatus in 
the kidneys perceives a depleted intravascular volume despite euyolemia. 
Associated with renal artery stenosis, chronic renal failure, congestive heart 
failure, cirrhosis, and nephrotic syndrome; serum plasma rennin will be 
elevated. 

Addison's Disease 

Condition resulting from primary adrenal failure with subsequent loss of adre¬ 
nal hormones. Classically presents with skin hyperpigmcntalion, hypotension 
(secondary to decreased aldosterone production), fatigue, weakness* salt crav¬ 
ing, nausea, and vomiting. 

Skin hyperpigmentation: The pituitary senses decreased adrenal hormone 
levels and stimulates increased ACTH production. Leads to increased 
MSB produced concomitantly with ACTH; increased MSB causes 
hyperpigmentalion. 

Lab studies: May show hyponatremia and hyperkalemia. 

Adrenal Medullary Tumors 

Tumors that arise from the adrenal medulla. Result in overproduction of 
medullar}' hormones (epinephrine and norepinephrine). There are two major 
medullary tumors with patient age determining the most likely etiology: 

Pheochromooytoma: Cells of origin are chromaffin cells (derived from 
the neural Crest). Most common tuuior arising from the adrenal medulla 
in adults, Presents as symptomatic hypertension in young to middle-aged 
patients. Elevated urinary catecholamines suggest the diagnosis. 
Neuroblastoma: Small round blue cell tumor of children (neural crest 
origin). Most common neoplasm in infants. Occurs in the adrenals, but 
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may also be seen in the abdomen, retroperitoneal ganglia* or cervical and 
thoracic regions. Urinary catecholamines are elevated. Also presents with 
symptomatic hypertension. 

Multiple Endocrine Neoplasia 

All the MEN syndromes arc inherited in an autosomal dominant fash¬ 
ion. They are divided into three categories based on the endocrine glands 
involved: 

MEN 1 (Wermer’s syndrome): Tumors of the 3 Ps: Pancreas, Pituitary, 
and Parathyroid. May present with kidney stones secondary to hyperpara¬ 
thyroidism and Cl ulcers secondin'}' to gastrin-producing pancreatic ade¬ 
nomas (gastrinomas) which cause ZoIlinger-EIJison syndrome, 

MEN 2 (Sipple's syndrome): Medullary thyroid carcinoma, phcochronio- 
cytmna, and parathyroid adenoma, 

MEN 3 (formerly MEN type 2B): Medullary thyroid carcinoma, phcochro- 
mocytoma, and oral and Cl mucosal neuromas (ganglioneuromatosis). 


SUMMARY OF THYROID RELATED HORMONES 


See Table 2-35. 

Hypothyroidism 

Inadequate production of thyroid hormone; may he due to primary thyroid 
failure or secondary due to pituitary or hypothalamus pathology. See Table 
2-36. 

Classic symptoms: Cold intolerance, fatigue, weight gain, decreased appe¬ 
tite, constipation, muscle weakness, menorrhagia* prolonged relaxation of 
deep tendon reflexes, facial /periorbital myxedema* dry cool skin, hair loss, 
and brittle hair and nails. 

Psychological effects: Depression and poor concentration. 

Lab studies: Decreased T 4 and elevated TSH. 

Hyperthyroidism 

Thyrotoxicosis is a state of excessive thyroid production secondary to a num¬ 
ber of causes including malignancy, autoimmune, and ectopic production of 
thyroid hormones or TSH. Sec Table 2-37. 


TABLE 2-35. Summary °f Thyroid-Related Hormones 


Hormone 

■jHfj.nmtiiimm n»iiutiumti ihikiihiii mmimii»mi nuu iimimmmim *ri ... .niiwiiMajirtitfijiitiiMJiMiniiMwjiii''m»wu 8 un.>*(fHtiJniinii)iiuiuruiiiiiMmiimiHiw,Mu 

Description 

Thyroid -sti m u 1 a \ i ng 
hormone (TSH) 

Produced by the pituitary. Stimulates the thyroid to produce T s and 1 A , which in turn provides negative 
feedback to the pituitary. 

(triiodothyronine) 

Produced by the thyroid gland in response to TSH. Comprises 20% of thyroid output. More potent than T 4 . 

T 4 (thyroxine) 

Produced by the thyroid gland in response to TSH. Comprises 80% of thyroid output T 4 converted to T 3 by 
peripheral tissues. 

Calcitonin 

Secreted by C cells of the thyroid gland. Acts to decrease serum levels of calcium by decreasing calcium 
reabsorption from bone. 

n irovri *rtrttttstwnminm imtmmtm ui j.u < i > iujj r (jiiiimi 111 >*■ ■ imj n i murilMiimi 11111111 tmjMi ,rn u. 













76 


CHAPTER 2 



TABLE 2-36. Common Causes of Hypothyroidism 
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Primary Causes 


Hashimoto's thyroiditis 

Autoimmune in origin. Most common cause in the U.5< Antimicrosomal and 
antithyrogfobulin antibodies confirm the diagnosis. 

Subacute <de Quervain's) thyroiditis 

Self-limited hypothyroidism following a flulike illness. May have elevated ESR and a tender 
thyroid gland. Believed to be viral in origin. 

Iodine deficiency 

Most common cause in the developing world. Iodine is essential to thyroid hormone with 
deficiency leading to hypothyroidism. 

Riedel's thyroiditis 

Rare disease in which thyroid tissue is chronically replaced by fibrosis. 

Lithium toxicity 

Lithium may cause hypothyroidism. 

Surgical resection and 1J1 1 treatment 

Surgical removal or medical destruction may cause hypothyroidism. 

Congenital hypothyroidism 

Most commonly due to a mother taking supplementary thyroid hormone. Children may 
develop profound neurologic delay known as cretinism unless rapidly corrected. 

Secondary Cause 

Sheehan's syndrome 

Postpartum pituitary necrosis secondary to postpartum hemorrhage, 

in*iiwnmitifniiminullimi imittit anfirami iu hi■» i mi i rttmnttiiiTiiiH , riTTr**f *M*<rmitttffmjimjntrrnt *«*■■■■■ . ■■wwintmi 


Classic symptoms: Weight loss, heat intolerance, excessive sweating, palpi¬ 
tations, fatigue, weakness, diarrhea, oligomenorrhea, hyperrefiexia, warm 
skin, and tachycardia. 

Psychological effects. Nervousness, anxiety, ant] irritability. 

Lab studies. Increased T 4 and decreased TSH. 


table 2*37, Common Causes of Hyperthyroidism 


rtin t| ttniiiirni i t Imiti** McmMSI 

Craves' disease 

Most common cause in the U.5. Autoimmune in nature. Proptosis (apparent bulging of eyes from the orbits) 
is pathognomonic Mechanism is anti-TSH-receptor antibodies that bind the TSH receptor at the thyroid, 
mimicking TSH and activating the thyroid gland to produce thyroid hormone. 

Thyroid adenoma 

A single, benign neoplasm that secretes thyroid hormone autonomously, independent of the influence of TSH. 

Toxic multinodular 
goiter 

The second most common cause of hyperthyroidism in the developed world. Common in elderly people and 
locales where iodine deficiency is endemic. While an adenoma is one large autonomous nodule, TMG is several 
small autonomous nodules. 

Thyroid carcinoma 

Certain thyroid cancers may produce thyroid hormone. See detailed description below. 

Struma ovarii 

This is a very rare condition in which ectopic thyroid tissue develops as part of an ovarian tumor, causing 
hyperthyroidism. 

Amiodarone 

A well-recognized toxicity of the drug amiodarone is hyperthyroidism, Amiodarone may also cause 
hypothyroidism. 
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Thyroid Carcinoma 

Thyroid carcinoma may be either benign or malignant- Classically presents 
with a palpable nodule or an enlarging neck mass (may cause dysphagia). The 
mass is usually unilateral; bilateral masses aFC more likely toxic multinodu¬ 
lar goiter* Some thyroid neoplasms secrete functional hormones, which can 
cause hormone-spccific symptoms. Patients with a history of neck irradiation 
arc at increased risk. Divided into several categories based on histology: 

Papillary thyroid cancer: Most common type of thyroid cancer, charac¬ 
terized by papillary projections into gland-like spaces. Psammoma bodies 
and ground-glass appearance are classic. Relatively good prognosis. 
Follicular thyroid cancer: Characterized by uniform follicles; second 
most common type of thyroid cancer: poorer prognosis than the papillary 
type, but still fairly curable. 

Medullary thyroid cancer: Originates from C cells of the thyroid which 
produce calcitonin. Tumor may present due to effects of excess calcitonin, 
leading to hypocalcemia. Associated with MEN 1 and MEN 2. 

Anaplastic thyroid cancer: lends to occur in the elderly. Ext ranch 
aggressive tumor with exceedingly poor prognosis. 

Thyroid lymphoma. Fairly rare; tends to arise in patients with a history of 
Hashimoto’s thyroiditis. 

Benign thyroid adenoma: Most often occurs as a solitary nodule. May 
lead to hyperthyroidism. 


PARATHYROID-RELATED HORMONES AND HORMONES ASSOCIATED WITH 
CALCIUM METABOLISM 


See Tables 2-38 and 2-39. 


table 2-38, Hormones Associated with the Parathyroids and Calcium Metabolism 


Hormone Function 

Parathyroid 
hormone (PTH) 

Main regulator of calcium in the body. Acts at the level of bone to 
increase calcium resorption by osteoclasts, calcium resorption and 
phosphate excretion at the kidney, and synthesis of vitamin D, thus 
increasing Gl absorption of calcium. Low serum calcium stimulates 

PTH release. 

Vitamin D 

Acts at the level of the intestines to increase calcium absorption. 
Synthesized in the body via a process of hydroxylation in response to 
PTH. 

Calcitonin 

Acts to decrease serum levels of calcium by decreasing calcium 
reabsorption from bone. Secreted by C cells of the thyroid gland- 

Parathyroid 

hormone-re la ted 

peptide (PTHrP) 

Parathyroid-related peptide. Produced ecto pi tally by some types of 
cancer (i.e., squamous celt lung cancer). Not made by the parathyroid 
glands or under the control of normal calcium homeostasis 
mechanisms. 


11111 n ei i n 111 ittlt 111*1 1 in j**ii i n 


rttitm 


III <lf f I III III 11 1* | lUtlMlltmrnUIMIOTH im >*1 
















T78 CHAPTER 2 


■El* 

ENDOCRINE 


table 2-39. Panereatk-Related Endocrine Hormones 
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Hormone 

Function 

Insulin 

Causes decreased serum glucose via cell uptake. Produced by beta 
cells of the pancreas. 

Glucagon 

Increases serum glucose via breakdown of cell glycogen. Produced 
by alpha cells of the pancreas. 

Somatostatin 

Acts to suppress release of Gl hormones. Inhibits insulin and 
glucagon release. Produced by pancreas, hypothalamus, stomach, 

and intestine. 

Gastrin 

Stimulates parietal cells to secrete hydrochloric (gastric) acid. 
Produced mainly in G cells of pyloric antrum of stomach, small 
intestine, and to a limited extent in the pancreas. 

Vasoactive intestinal 

Secreted by pancreas and other sites to assist digestion by 

peptide (VIP) 

stimulating pancreatic bicarbonate release, inhibiting gastrin 


release, and dilating Gl-related blood vessels. 


| DIABETES MELLITUS TYPE 1 ; 


Insulin-Dependent Diabetes Mellitus 

Failure of insulin synthesis by the pancreatic 1 beta cells thought to he caused 
by nuLoimnmne destruction of islets leading to impaired serum glucose regu¬ 
lation. Usually presents early in life (usually prior to age >0). I,ess common 
and less influenced by genetic factors than DM-2. 

Presentation: Polydipsia, polyuria, and weight loss despite increased appe¬ 
tite related to hyperglycemia and failure of utilization of glucose leading to 
ketosis. Ketosis is classically associated with a fruity odor to the breath. 
Management: Requires insulin replacement therapy. 

Genetic associations: Predisposition associated with NIA-DR3 and II LA* 
DR4 alleles, 

DKA: A slate of relative insulin deficiency preventing cells from using cir¬ 
culating glucose, while the endocrine system reacts In releasing more glu¬ 
cose. The body interprets this as a starvation state and starts to mobilize 
energy stored in fatty' acids as ketone bodies lor ketoacids). Scrum glucose 
levels are generally greater than 2) mg/dL. with serum pi I of less than 
7.30 and decreased bicarbonate. This leads to a high anion gap metabolic 
acidosis. The ketosis leads to polyuria, polydipsia* and alterations in mental 
status or coma. Common causes are new-unset DM-1, infection, nr missed 
insulin treatments. 
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DIABETES MELLITUS TYPE 1 


Non-insulin Dependent or Adult-Onset Diabetes Mellitus 

More common than DM-1 anti more likely to be associated with family his¬ 
tory. Results from peripheral insulin resistance. Associated with increased lev¬ 
els of serum insulin, obesity, and sedentary lifestyle. 

Presentation: Obese patient w ith sedentary lifestyle. 

Labs: Elevated insulin and hemoglobin A] c . 

Management: Diet and exercise and oral antidiabetic pharmacotherapy. 
May require insulin therapy. 

Metabolic syndrome X: DM-2, truncal obesity, hypertension, and 
hypercholesterolemia. 

Nonketotic hyperosmolar coma: Metabolic derangement characterized 
by hyperosmolarily resulting from increased serum glucose (often second¬ 
ary to infection). This hyperglycemia leads to diuresis and fluid shifting 
into the intravascular space. Patients present with dehydration, altered 
mental status, and (possibly) neurologic deficits. 


EFFECTS OF UNCONTROLLED DIABETES MEUITUS 


Systemic changes will result from poorly controlled diabetes and hyperglyce¬ 
mia in both DM-1 and DM-2. They arc broken down by organ and system 
(see Table 2-40). 


table 2-40* Systemic Effects of Uncontrolled DM 
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System 
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Effects 

Kidney 

Progression to chronic kidney disease secondary to diffuse 
glomerulosclerosis. 

Heart 

Greatly increased incidence of CAD, occurring at a much earlier age. 

Vascular 

Incidence of atherosclerosis and peripheral vascular disease is greatly 
increased* Lower extremity circulation problems may lead to venous 
stasis ulcerative disease* 

Eyes 

Cataract formation and proliferative retinopathy. 

Peripheral 
nervous system 

Peripheral neuropathy in stock!ng*and-glove distribution. 

Liver 

Fatty change of the liver* 

Immune system 

■BUN 1 Umm rrrv tttii mnimi lull 1 

Immunocompromised state predisposing to increased infections* 
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PANCREATIC ISLET CELL TUMORS 


Uncommon tumors of the pancreas arising from cells of neuroendocrine ori¬ 
gin, They arc classified according to the hormone they produce* 

Insulinoma: Tumors produce insulin. Symptoms arc related to insulin 
excess and hypoglycemia {confusion, anxiety, stupor, and even coma). 
Most common islet cell tumor. Circulating levels of C-peptide (protein 
produced during insulin production) will he increased. Symptoms rapidly 
reverse with administration of glucose. 

Gastrinoma: Tumors produce gastrin. Often malignant and associated 
with Zolltngcr-FJlison syndrome (hvpergastrmeinia and significant peptic 
ulcer disease with numerous ulcers in the stomach and small bowel), 
Glucagonoma: Tumors produce glucagons. Causes hyperglycemia and 
symptoms of diabetes (polyuria, polydipsia, and weight loss). Known as sec¬ 
ondary DM. 

VIPoma: Tumor produces N IP. Associated with WDHA syndrome 
(Watery Diarrhea, Hypokalemia, and Achlorhydria), 


1 PITUITARY HORMONES 

See Table 2-41. 


table 2-41. Hormones Produced by the Pituitary Gland 

Anterior Pituitary 

Function 

TSH 

Stimulates thyroid production of Tj and T 4 . 

Follicle-stimulating hormone 
(FSH) 

Female: Stimulates follicular growth in the ovaries 

Male: Critical for spermatogenesis. 

Luteinizing hormone (LH) 

Female: Triggers ovulation and maintains the corpus 
luteum to enable fertilization, 

Male: Stimulates Leydig cells to release androgens. 

Adrenocorticotropic hormone 
(ACTH) 

Stimulates adrenal cortex to produce cortisol, 
aldosterone, and sex hormones. 

Growth hormone (GH) 

Stimulates growth (especially in childhood) and 
maintenance of the immune system. 

Prolactin 

Stimulates enlargement of breast tissue during 
pregnancy and milk production postpartum. 

Posterior Pituitary 

Function 

Antidiuretic hormone (ADH) 

Vasopressin. Release triggered by serum osmclarity. 
Stimulates water reabsorption by the kidneys 
(concentrating the urine). Critical hormone for 
maintenance of serum os molarity homeostasis. 

Oxytocin 

Stimulates uterine contractions during labor and breasts 
during breast-feeding. 
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DIABETES INSIPIDUS 


Deficiency of ADH leading to polyuria, dehydration, and unquenchable 
thirst. Causes include neoplasm, head trauma, inflammation, and any other 
condition that damages the posterior pituitary* 

Presentation: Polyuria, thirst, and hypernatremia. 


SYNDROME OF INAPPROPRIATE SECRETION OF ANTIDIURETIC HORMONE (SIADH) 


Overproduction of ADM, most commonly due to ectopic production of ADI 1 
by a neoplasm (he., small cell lung cancer). Leads to water retention and 
hyponatremia* 

Presentation: Symptoms of hyponatremia (mental status changes and 
inability to dilute the urine)* 

Lab studies: Decreased serum os molarity* 


SHEEHAN'S SYNDROME 


Pituitary necrosis in the postpartum female. During pregnancy the pituitary 
grows much larger than its normal size and requires increased blood deliv¬ 
ery, If postpartum hemorrhage complicates delivery, the pituitary may not be 
adequately perfused, leading to necrosis. 

Presentation: Presents with panhypopituitarism and deficiency of all of 
the pituitary hormones* Most notable is the lack of ability to breast-feed 
and hypothyroidism, 


ABNORMALITIES OF PITUITARY FUNCTION 


Sec Table 2-42. 


TABLE 3-42. Abnormalities with Pituitary Hormones and Resulting Manifestations 


Hormone 

Manifestation 

t Prolactin 

Females: Amenorrhea and galactorrhea. 

Males: Impotence and galactorrhea. 

Increased ADH 

SIADH. 

tCH 

Children: Gigantism, 


Adults: Acromegaly. 

4- CH 

Children: Growth retardation and dwarfism. 

Adults: Increased insulin sensitivity. 

T ACTH 

Cushing's disease. 

4 ACTH 

Secondary adrenal failure (will not have hyperpigmentation associated 
with Addison's disease), 

4 TSH 

Secondary hypothyroidism. 
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CARCINOID TUMOR 


Rare tumor of Cl trad neuroendocrine cells. May be located anywhere in 
the 01 tract or lungs with the appendix being the most common location. 
Secretes high levels of serotonin (5-1 IT) which is metabolized in the liver to 
>-hydroxyindoleaeetie acid (5-I11AA), Look for elevated levels of 5-HIAA in 
serum and urine* 

Presentation: May present with carcinoid syndrome or symptoms of intes¬ 
tinal or bowel obstruction based on the location of the tumor. Lung carci¬ 
noids may present on chest X-ray. 

Carcinoid syndrome: Elevated serotonin leading lo diarrhea, cutaneous 
flushing, wheezing, and right-sided valvular lesions. 
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CLINICAL 

CORRELATION 


The vitelline duct joins the yolk sac 
at the junction of the cranial and 
caudal limbs of the midgut loop. It 
persists as Meckel's diverticulum in 
2% of the population. 



The primitive G1 tract begins to form around the fourth week of development 
in a complex series of steps. Understanding the following sequence of events 
will aid in understanding the pathologic conditions that ma\ ensue following 
abnormal development 

Fourth Week 

Primitive gut begins to develop: 

r.ndoderm becomes intestinal epithelium and glands. 

Mesoderm becomes connective tissue, muscle, and wall of intestine. 



KEY FACT 


The midgut loop rotates a total of 
270“ counterclockwise around the 
axis of the 5MA before it reaches its 
final fixed position in the abdomen. 


Fifth Week 

The intestine elongates and the midgut loop herniates through the umbilicus. 
This midgul loop has cranial (near the head) and caudal (near the lailbonc) 
limbs: 

The cranial limb becomes the distal duodenum to the proximal ileum. 

The caudal limb becomes the distal ileum to the proximal Iwo-thirds of 
the transverse colon. 

Tenth Week 

The midgul loop returns to the abdominal cavity in its final fixed position 
alter rotating a total of 270" counterclockwise around the axis of the superior 
mesenteric artery (SMA). 


CONGENITAL MALFORMATIONS OF THE Gl TRACT 


Omphalocele 

The result of failure of bowel to return to the abdomen following the herni¬ 
ation of abdominal contents ink) I he base of the umbilical cord during the 
fifth week of embryonic life. The herniated intestine is covered by peritoneal 
membrane. Most commonly affects children of mothers at the extremes of 
reproductive age. 

Presentation 

During the second-trimester ultrasound or when a herniated sac is found at 
birth. The associated anomalies include: 

Heekwiih-VViedemann syndrome: Gigantism, mucroglossia, umbilical 
defect, and hypoglycemia. 

Pentalogy of Cantrell: Omphalocele, diaphragmatic hernia, cleft sternum, 
absent pericardium, and intracardiac defects. 

Diagnosis 

1 Icrniatcd sac can be visualized by ultrasound in 95% of eases. 
a-Fetoprofcin (AFP): Scrum values are elevated in "0 % of cases. 

Treatment 

Close monitoring of the fetus during pregnancy and prompt treatment at 
delivery. Surgical reduction of the herniated contents. 
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Castroschisis 

\ full-thickness abdominal wall defect caused by vascular injury during devel¬ 
opment allowing small or large bowel to escape the abdominal cavity. No pro¬ 
tective peritoneal membrane covers the herniated intestine. Castroschisis is 
more common in children born to women < 20 years of age. 

Presentation 

Most often seen in the second-trimester ultrasound in combination with an 
elevated scrum AFP. Extruded abdominal contents are noted at birth. I he 
defect is usually to (lie right of the abdominal midlinc. 

Diagnosis 

Herniated bowel resembles cauliflower on ultrasound. Intestinal atresia may 
also he seen, as well as elevated serum AFP. 

Treatment 

Surgical correction of the abdominal wall defect with return oi the herni¬ 
ated contents to the abdomen. Artificial covering may he used to minimize 
heat/fluid loss and assist with tempera hire regulation (exposed bowel causes 
increased heat loss). Nasogastric tube, broad-spectrum antibiotics, and total 
parenteral nutrition (TEN). 

Intestinal Malrotation 

Develops as a result of abnormal midgut development and rotation, which in 
turn causes anomalous positioning of the small intestine, cccum, and ascend¬ 
ing colon. 

Cecum remains in the KUQ or in the left abdomen and the duodeiiojeju¬ 
nal junction remains to the right of the midlinc. 

The aberrant peritoneal attachments (Ladds bands} can cause partial or 
complete obstruction of the duodenum (this can present in infancy or as 
late as early adulthood). 

Midgut volvulus occurs when the malrotatcd intestine twists on the axis of 
the SMA» compromising intestinal blood flow. 

Presentation 

Midgut volvulus may occur at any time during the first year of life and pres¬ 
ents with sudden onset of severe bilious emesis, abdominal pain and disten¬ 
tion, and rectal bleeding. Delay in recognition and treatment can lead to 
significant intestinal necrosis, resulting in shock and loss of viable intestine. 
Resection of the small bowel may lead to short gut syndrome. 

Diagnosis 

Abdominal X-ray: Variable; may he normal (early) or gastess. 

Upper GI study: Distal duodenal obstruction; may have a corkscrew 
appearance. 

Ultrasound: Mav show twisted superior mesenteric vessels (“whirlpool 
sign”). 

Treatment 

Urgent surgery consisting of Ladds procedure (counlcrclockwi.se volvulus 
reduction, lysis of adhesive hands, bowel resection if needed, appendectomy, 
and repositioning of the small intestine to the RFQ and the cecum to the 
LLQ). May lead to short-bowel syndrome or death if treatment is delayed. 


KEY FACT 


The peritoneal attachments to the 
lateral abdominal wall normally 
fix the cecum ret roper it on ea I ly. 

In malrotation, they cross over 
the duodenum lo reach the high, 
malrotatcd cecum, and are called 
Ladd's bands. 


CLINICAL 

CORRELATION 


Associated anomalies occur in 70% 

of patients and include: 

■ Other abdominal defects. 

■ Situs inversus, septal defects, 
transposition of the great 
vessels, and anomalous 
systemic or pulmonary venous 
return, 

■ Asplenia or polysplenia. 



KEY FACT 


Bilious emesis in a neonate is 
presumed to be midgut volvulus 
until proven otherwise! 








KEY FACT 


Women who use vasoactive 
substances (e.g., cigarettes or 
medications) during the first 
trimester are three times as likely to 
have a child with duodenal atresia. 


Duodenal Atresia 

During weeks 6 and 7 of development, the duodenum becomes complete!) 
obstructed by proliferating endoderm* Failure of the duodenum to recanalize 
by week 10 results in duodenal atresia* 

Presentation 

The newborn may be small for gestational age* Symptoms of obstruction 
(vomiting and abdominal distention) appear within 48 hours of birth* The 
vomiting may be bilious. Physical exam may show an abdominal mass and 
jaundice if obstruction of the biliary system occurs* 


Associated anomalies include Down's syndrome. Of those affected, 31)% also 
have: 

Gastmschisis. 

Imperforate anus or other intestinal atresia. 

Cardiac, renal, and vertebral malformations* 


Diagnosis 

Duodenal atresia may be detected by prenatal ultrasound or may not become 
apparent until birth. 

Prenatal ultrasound: Polyhydramnios from inability to swallow amuiotic 
fluid (seen in $[)%} or dilated bowel. 

Abdominal radiograph: “Double-bubble* sign due to dilation of the stom¬ 
ach and proximal duodenum* 


Treatment 

Definitive treatment is duodenoduodcnostoiny (anastomosis of the proximal 
and distal duodenum to bypass the obstruction) or duodenojejunostomy. 

Preopera lively: Nasogastric tube (to decompress the stomach), IV fluids 
(to maintain hydration), and correction of electrolyte abnormalities* 
Postoperatively; Nasogastric lube* IV fluids, and TPN until oral feeds can 
he started* 


Pyloric Stenosis 

Pyloric stenosis is of idiopathic etiology and develops as a result of congenital 
elongation and thickening of the pylorus, which in turn results in obstruction 
of the gastric outlet. Most commonly seen in firstborn males* 

Presentation 

[ Isually at 3-6 weeks of age* presenting with difficulty feeding followed by pro¬ 
jectile, mmbiliuus vomiting* Notably absent are signs of illness (fever, diar¬ 
rhea}* Affected children arc often hungry after the episodes. 

Diagnosis 

Physical exam classical]}- shows a palpable mass (described as an "olive") in 
the epigastric region. Lab tests may demonstrate a hypochloremic, metabolic 
alkalosis secondary to loss of 11CI in emesis and hypokalemia late in presenta¬ 
tion. Ultrasound (see Figure 3d) shows an elongated and hypertrophic pylo¬ 
rus. Barium studies show: 

String sign: Seen on barium swallow when barium moves through the 
pylorus* 

Shoulder sign: The pylorus bulges into the antrum of the stomach. 
Double tract sign: Parallel streaks of barium seen in the narrow pylorus. 
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FIGURE 3*1, Pyloric stenosis. A 6-weck-old infant with recurrent non bilious vomiting. 
Image reveals disl ended stomach with a thickened pylorus indicative of pyloric stenosis. (Image 
courtesy of PEIR Digital library [http://pdr.net].) 


Treatment 

Correction of lab abnormalities and hydration status prior to surgery. 

Pyloromvotomy (longitudinal incision through the muscle of the pylorus 
with dissection to the submucosa) is definitive therapy. 



The abdomen is defined as the region of the trunk that lies between the dia¬ 
phragm (superiorly) and the inlet of the pelvis (inferior]) ). 


Surface Anatomy 

Landmarks of the abdominal wall are shown in Figure 3-2. 


Costal 

margin 

Median groove 

Inguinal groove 



Up of 9th costal cartilage 
Transpyloric line 

Subcostal plane 

Intertubercular plane 

Linea semilunaris 
Superficial inguinal ring 


Pubic tubercle 


figure 3 - 2. Landmarks of the abdominal walk 







Ltnea Alba 

A vertical fibrous band that extends from die symphysis pubis to the xiphoid 
process and lies in the midline. It is formed by fusion of the aponeuroses of 
the muscles ot the anterior abdominal wall and is represented on the surface 
by a median groove. 

Linea Semilunaris 

Defines the lateral edge of the rectus abdominis muscle and crosses the costal 
margin a l I he tip of the ninth costal cartilage. 

Inguinal Groove 

Formed by the inguinal ligament. It lies beneath a skin crease in the groin 
and is formed by the rolled-under margin of the aponeurosis of I he external 
oblique muscle. 


ABDOMINAL PLANES AND REGIONS 


Vertical lines and horizontal planes are used lo describe file sites of abnor¬ 
mal features and disease processes within the abdominal cavity. In this way, 
the abdomen is divided into four quadrants or nine regions, usually projected 
onto the anterior abdominal walk 

Vertical Lines 

lurch line passes through the midpoint of the anterior superior iliac spine or 
fire symphysis pubis. 

Transpyloric Plane 

So called because it cuts through the pylorus and represents a horizontal 
plane that passes through the tips of the ninth costal cartilages on each side. It 
lies at the level of LI. 

Identifies the pylorus of the stomach, file duodenojejunal junction, file 
neck of the pancreas, and the hila of the kidneys. 

Subcostal Plane 

Horizontal plane joining fire lowest point of the costal margin on each side. 
It lies at I lie level of 15. 


CLINICAL 

CORRELATION 


McBumey's point is located in 
the RLQ at two-thirds the distance 
from the umbilicus to the anterior 
superior iliac spine. Pain and 
tenderness from appendicitis is 
classically found at this spot. 


lntertubercular Plane 

Horizontal plane joining the tubercles on the iliac crests. It lies at the level of 

15 . 

Abdominal Regions 

Anatomically, there are nine defined regions of interest (see Table Ms. In 
clinical practice, however, these regions are defined imprecisely. 

Abdominal Quadrants 

The abdomen can be div ided into four quadrants (see Table 3-2), using a hor- 
i/oiita) line and a vertical line that intersect at the umbilicus. 
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TABLE 3 -1. Contents of the Respective Abdominal Regions 


Right Hypochondriac Region 

Liver and gallbladder 
(Kidney) and suprarenal gland 
Colon, hepatic flexure 

irimMiuintHMiiivvniitMmnaitUtttmwf imtit iiJimvsttii if tiWtttti 

Epigastric Region 

Liver 

(Transverse colon) 

Abdominal aorta and vena cava 

Pylorus and duodenum (first part) 

imuimircrp immwnwmui! ( I ifitmummi um mti r*« 

Lett Hypochondriac Region 

Stomach 

Spleen 

(Kidney) and suprarenal gland 
Colon, splenic flexure 

Right Lumbar Region 

Umbilical Region 

Left Lumbar Region 

Kidney 

(Transverse colon) 

Kidney 

Colon, ascending 

Duodenum and pancreas 

Colon, descending 

Small intestine 

Abdominal aorta and vena cava 

Pancreas 

Duodenum (first part) 

Small intestine 

Small intestine (jejunum) 


Iliac vessels 


Right Iliac Region 

Hypogastric Region 

Left Iliac Region 

Cecum 

Distensible organs of the pelvis (e,g., 

Sigmoid colon 

Appendix 

bladder in infants or in adults when full; 

Small intestine 

Small Intestine (ileum) uterus after 12th week of pregnancy) 

Small intestine 

Iliac vessels 

Spermatic cords 
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Layers of the Abdominal Wall 

'IIit* anterolateral abdominal wall is made up of: 
n Skin 

Superficial fascia (fatty [Camper's| and membranous |Scarpa's]) 

Deep fascia 
Aponeurosis 

fcxternal oblique muscle—lateral wall 
Internal oblique muscle—lateral wall 
Transversals abdominis muscle—lateral wall 
' Ira us vcrsal is fascia 
Extraperiloncal fat 
Parietal peritoneum 

TABLE 3*2, Abdominal Quadrants 
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Right Left 


Upper 


Lower 


IIKHTIIIIUH 


Liver 

Gallbladder (fundus at tip of ninth costal cartilage, where the lateral 

border of the rectus abdominis muscle crosses the costal margin) 

Kidney and suprarenal gland 

Colon (hepatic) flexure and right transverse 

Duodenum with head of pancreas (part) 

Small intestine 


Stomach 

Spleen 

Pancreas 

Kidney and suprarenal gland 

Colon (splenic) flexure and left transverse 

Small Intestine (jejunum) 


« Colon (ascending) Colon (descending and sigmoid) 

Cecum Small intestine 

Appendix (including McBurney's point) 

Small intestine (ileum) 
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KEY FACT 


Figure 3-3 shows the musculature, innervation, blood supply, and lymphatic 
drainage of the anterior abdominal wall. 


During embryonic development the 
testes and spermatic cord (in males) 
and the round ligament of the 
uterus (in females) descend through 
the inguinal region. 



KEY FACT 


Failure ol the processus vaginalis 
to obliterate leads to patent 
communication between the 
abdominal cavity and the scrotal sac 


Inguinal Canal 

I hc inguinal canal is an oblique passage through the inguinal region and a 
site of inguinal hernias (both direct and indirect; see Figure 3-4). 

Boundaries of the inguinal canal: 

Deep inguinal ring: Oval opening in the fascia transversals lateral to the 
inferior epigastric vessels. 

Superficial inguinal ring: Triangular defect in the aponeurosis of the 
external oblique muscle, lateral to I lie pubic tubercle. 

Anterior wall: Aponeuroses of the external and internal oblique muscles. 
Posterior wall: Aponeuroses of the internal oblique and transverse abdomi¬ 
nal muscles and fascia transversal ix, 

Roof; Internal oblique and transverse abdominal muscles. 

Floor: Inguinal and lacunar ligaments. 




MNEMONIC 


Contents of the femoral triangle (from 
lateral to medial) include: 

NAVEL 

Nerve 

Femoral Artery 
Femoral Vein 
Empty space 
Lymphatic 




MNEMONIC 


Venous near penis. 

The vein is more medial than the 
artery. 


Femoral Triangle 

The femoral triangle is the anatomic region of tlie upper inner thigh bounded 
by the following (see Figure 3-5): 


External 

oblique 


Rectus muscle 

Ltnea semilunaris 


inguinal ligament 


Ilioinguinal nerve 



Linea alba 

Internal oblique 

Arcuate line 
Inferior 

epigastric artery 

Anterior 
superior 
iliac spine 

Pyramidalis 

Spermatic cord 


FIGURE 3-3. Anterolateral abdominal wall. 
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FIGURE 3-4. Inguinal hernias. Direct (A)and indirect (B), (Modified, with permission, 
from I mtiiudli JE, Kclcn CD, Sliipczynski )S. el ill., cds, lintinalln Emergency Medicine: /\ 
Comprehensive Study (mit/e, tilh ed t New York: MeCoiw-l fill, 20(M; >28) 
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FIGURE 3 - 5, Femoral canal Kcinoral hernias bulge through liie femoral ring, medial lu 
the femora) vein. 
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Direct inguinal hernia: Protrudes 
medial to the epigastric artery and 
vein. 

Indirect inguinal hernia: 
Protrudes lateral to the epigastric 
artery and vein. 

Femoral hernia: Distinguish from 
direct and indirect inguinal hernias 
(protrudes below the inguinal 
ligament m the femoral triangle). 



KEY FACT 
I_ 


Remember that third spacing 
includes ah non-intravascular 

space where edema and fluid can 
accumulate. It is not limited to the 
intrapentoneal space. 



CLINICAL 

CORRELATION 


Ascites is an accumulation of 
extra fluid in the peritoneal cavity 
(common causes include liver 
failure, right sided heart failure, 
ovarian cancer). 
Pneumoperitoneum is air or 
other gas in the peritoneal cavity 
(intestinal or stomach perforation, 
or intentional insufflation for 
laparoscopy). 


Superiorly: Inguinal ligament 
Laterally: Sartor ins muscle 
Medially: Adductor longus muscle 


PERITONEUM AND ABDOMINAL VISCERA 


The abdominal cavil) 1 contains several important structures in addition to the 
abdominal organs. 

Abdominal and Pelvic Peritoneum 

The peritoneum is a serous membrane 1 hat covers the abdominal organs 
(see Tabic V5) and is composed of two layers: the parietal and visceral 
peritoneum. 

Parietal Peritoneum 

The outer membrane that lines the deep surface of Ihe abdominal walls and 
die inferior surface of the diaphragm. 

The nerve supply originates from the nerves of the surrounding abdomi¬ 
nal muscles and skin, intercostal and phrenic nerves in the abdominal 
region, and obturator nerve in the pelvic region. 

Visceral Peritoneum 

The membrane that directly covers the abdominal organs. There is no somatic 
nerve supply io the visceral peritoneum. 

Peritoneal Cavity 

The peritoneal cavity is a narrow, "potential” space between the opposing lay¬ 
ers of the peritoneum, and it reflects the rotation of the Cl tract during its 
embryonic development 

Normally, no space exists between the parietal and viscera! peritoneum 
(only -50 rnL of serous peritoneal fluid). 

In pathologic conditions (e.g., ascites), more fluid can accumulate 
between Ihe two layers of peritoneum. This phenomenon of extravascular 
fluid accumulation is known as third spacing. 


TABLE 3 - 3 * Intraperitoneal and Extraperitoneal Viscera 


i*iMutilntmiH it' uM>imuMiumiiiLM*i^iiiii]TUfim»wmi 

Intraperhoneai Viscera 

Extraperitoneal Viscera 

Stomach 

Parts two, three, and four of the duodenum 

First part of duodenum 

Ascending and descending colon 

Jejunum, ileum, cecum, appendix 

Distal rectum 

Transverse and sigmoid colon 

Head, neck, and body of pancreas 

Proximal rectum 

Abdominal aorta 

Liver and gallbladder 

Inferior vena cava 

Tail of pancreas 

Kidneys, ureters, and adrenal glands 

Spleen 
















As a "potential” space, the peritoneal cavity can be divided into the greater 
and lesser peritoneal sacs* 

The lesser sac (omental bursa) is a pouch of peritoneum that lies poste¬ 
rior to the stomach, liver, and lesser omentum* ll communicates willt 
llie greater sac through the epiploic foramen {omental or Winslows 
foramen). 

The greater sac encompasses the rest of the peritoneum and is subdivided 
by the transverse mesocolon into the supracolic compartment (above), and 
the infracolic and pelvic compartments below the mesocolon* 

Mesentery 

Mesentery is a double layer of peritoneum that wraps around abdominal 
organs, includes blood vessels, and a I laches the organ to its major blood 
supply. 


ARTERIAL SUPPLY OF THE Cl TRACT 


The arterial blood supply of the Cl tract is derived from the abdominal aorta* 

Abdominal Aorta 

'Hie abdominal aorta is the portion of the descending aorta inferior to the dia¬ 
phragm, ll gives off three large branches from the anterior surface that supply 
blood to the GI organs: the celiac trunk, the SMA, and the inferior mesen¬ 
teric artery (IMA) (see Figure >6). I lie abdominal aorta also gives rise to the 
inferior phrenic, middle suprarenal, renal, and gonadal arteries. 

The abdominal aorta div ides into the left and right common iliac arteries, 
which then descend into the pelvis* 

Celiac Trunk 

The celiac trunk is the first large branch off the abdominal aorta (sec Figure 
3-7), located just inferior to the diaphragm and the phrenic arteries. 11 imme¬ 
diately gives off three main branches: the left gastric arterr* the splenic artery* 



KEY FACT 

i_ 


The supracolic compartment is 
divided by the falciform ligament. 

The subphrenic recess is the area to 
the right of the falciform ligament 
between the liver and kidney. 


CLINICAL 

CORRUATION 


Gradual occlusion at the bifurcation 
of the abdominal aorta may result in 

claudication and impotence* 



Inferior mesenteric artery 


Common iliac artery 


Celiac trunk 
Superior mesenteric artery 


inferior phrenic artery 
Left middle suprarenal artery 


Right renal artery 

Right testicular 
artery 


Left testicular (ovarian) artery 


figure 3-6* Abdominal aorta and its branches. 
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Esophageal branch ol 
left gastric artery Left gastric artery 


Right gastric artery 


Hepatic artery 
proper 

Common 
hepatic artery 


Short gastric arteries 



Right gasuo-omenial artery 

Anterior superior 
pancreaticoduodenal arteries 


Left gaslro-omenlal 
artery 


Splenic artery 


FIGURE 3-7* Celiac trunk- 


ami the common hepatic artery, all supplying structures that derive from the 
foregut (see Table 3-4). 

SMA 

Supplies the derivatives ol the midgut (see Tabic 3-5). 

IMA 

Supplies the lundgut derivatives: the distal third of the transverse colon, the 
descending colon, the sigmoid colon, and the superior portion of the rectum. 

Its branches include: 

The left colic artery, supplying the left transverse colon and descend¬ 
ing colon. 

The sigmoid and superior rectal arteries, supplying the organs for 
which they arc named* 


mijlnsrrji u imiiuamiiiililil ■ ■ am uititHsami*nittnm imJtrl1 till J 

Organs Supplied (Foregut Derivatives) 

Esophagus, stomach. 

Splenic artery. Dorsal pancreatic artery, short gastric arteries, left gastro-omenta I Stomach, pancreas* spleen .' 1 

(gastroepiploic) artery. 

Common hepatic Gastroduodenal artery, right gastric artery, hepatic artery proper. Upper duodenum, liver, gallbladder, 

artery. pancreas. 


table 3-4. Branches of the Celiac Trunk 

ii kt-jhki im wflininutiMnui iiigwh ^miininTOitmim nit ii wi i m n miwMitminiMHiinmiijnunii 

Primary Branches Secondary Branches 


left gastric artery. Esophageal branch of the left gastric artery. 


sl The spleen is not a foregut derivative. It is of mesodermal origin. 
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TABLE 3-5. Organs Supplied by the Branches of the 5MA 

gt|g| ipp p i >| 11 If f if lutl |Jf tf f IWitMEillif f fTfTf > 1 1 1 f J IITf T/flff If fTUBSH^UT 1 Ilf 1 Ifffttilf M fflS'JJ f Jtl 1 tfTTJLI 1 if 4 If 4 f/jf 3i|f jrfni 

Branch 

Organs Supplied 

Inferior pancreaticoduodenal arteries 

Head of the pancreas; second through fourth portions of the 

duodenum 

Middle colic artery 

Transverse colon 

Right colic artery 

Ascending colon 

Intestinal arteries {jejunal and ileal arteries) 

Jejunum and ileum 

Ileocolic artery (branches into the colic and ileal arteries; the ileal 
branch gives rise to the appendicular artery) 

Ileum* cecum* appendix 

UttUimtt|;rniUjmiicmrtLiiiinmirrF -^smiJfmmrrdMIJJ11iiiMh/.j/ iiumriir »Mmiutmra£Mminrr MHI 


VENOUS DRAINAGE Of THE Cl TRACT 


Three major venous systems are responsible for the venous drainage of the Cl 
tract: the azygos vein, JVC, and hepatic portal system. 

Azygos Venous System 

The azygos venous system is an anastomosis between the superior and inferior 
vena cavac. It is composed of the hemiazygos vein (on the leftside of the ver¬ 
tebral column), which drains the blood from the left renal vein into the azy¬ 
gos vein (on the right side of the vertebral column), which ultimately drains 
the blood from the IVC to the SVC* 

Inferior Vena Cava (IVC) Venous System 

The IVC venous system (see Figure 3-8) is responsible for draining the blood 
from the lower half of the body (below the diaphragm) into the right atrium. 


Right hepatic vein 


Inferior phrenic vein 


Suprarenal vein 


Right renal vein 

Right testreu/ar 
(ovarian) vein 


Middle hepatic vein 
Left hepatic vein 



Inferior phrenic vein 
Suprarenal vein 

Left renal vein 

Left testicular 
(ovarian) vein 


Common Mac vein 

Internal iliac vein 
External Iliac vein 


Median sacral vein 


FIGURE 3 - a > Inferior vena cava. 









































CLINICAL 

CORRELATION 


It 


Left testicular varicocele in 

the male may occur as a result of 
occlusion of the left renal artery. 




MNEMONIC 


To remember the veins that con¬ 
tribute to the porta/ vein: 

The SUPERIOR Men left a gift of 
Splendid Port, 

Superior Mesenteric 

Splenic 

Portal vein 


Drainage patterns: 

Formed by the left and right common iliac veins at LS. 

The right gonadal and suprarenal veins drain directly into the IVC; 
their left counterparts drain into the left renal vein, which then drains 
into the IVC. 

Portal Venous System 

The portal venous system is centered on the portal vein, winch drains blood 
from the spleen, intestine, and colon into the liver, and is formed by the supe¬ 
rior mesenteric and splenic veins posterior to Ihe neck of the pancreas. The 
portal vein is situated in the hepatoduodenal ligament. 

The portal vein transports nutrient- (and toxin-) rich blood from the til trad 
as well as products of lysed RBCs from the spleen la the sinusoids of the liver. 
The IVC is responsible far the venous drainage of the liver via the hepatic 
veins. The intraluminal pressure is higher in portal vein than in the IVC, 

Portal to IVC Anastomoses (Collaterals) 

Pathologies that cause portal hypertension lead to the use of col latent) intra- 
abdominal venous flow pathways (anastomoses; see f igure V9), 



FIGURE 1 - 9. Intra-abdominal venous flow pathways leading to engorged veins (varices) 
from portal hypertension. I = coronary vein; 2 - superior hemorrhoidal veins; > ~ paraumbili¬ 
cal veins; -1 veins of Retains; 5 - veins of Suppcy; A = porta! vein; R - splenic vein; C - su¬ 
perior mesenteric vein; D = inferior mesenteric vein; Is = interior vena cava; F = superior vena 
cava; G hepatic veins; a — esophageal veins; a 1 - azygos system; !> ~ vasa brevia; c = middle 
and inferior hemorrhoidal veins; d : intestinal: c epigastric veins, (Modified* with pen Mis¬ 
sion, from Bnmicardi FC, Anderson PK, BilliarTR. Schnwrtz's Principles of Surgery, 8tli c cl, 
\ew York; MeGraw-I I ill, 2005; 1155,) 
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Esophagus 

Coronary vein to the esophageal venous plexus. 

Portal hypertension from liver failure, such as cirrhosis, can cause esopha¬ 
geal varices. 

Umbilicus 

Paraumbilical vein lr> the superficial and inferior epigastric veins. 

Portal hypertension can cause the classic cirrhosis sign caput medusa. 

Rectum 

Superior rectal vein to the middle and inferior rectal veins. 

Enlarged internal hemorrhoids can occur following portal hypertension. 


LYMPHATIC DRAINAGE OF THE Gl TRACT 


The end paint of all lymphatic flow from the Gl tract and its organs is the 
thoracic duct, which in turn empties into I he venous system at I lie junction 
of the left common carotid artery and left subclavian vein. 

Before passing into the thoracic duct, the lymph from the Gl tract passes 
through the prc-aortic lymph nodes, which can be divided into the celiac, 
superior mesenteric, and inferior mesenteric nodes, 

Peyer's Patches 

Fever's patches, known as gut-associated lymphoid I issue (GALT), are conspic¬ 
uous aggregates of lymphoid tissue located throughout the lining of the diges¬ 
tive tract. They play a critical role in immune function In acting as the first 
line of defense against pathogens invading the gut. Large concentrations are 
typically found in the ileum and, in certain pathologic states such as inflam¬ 
matory bowel disease (IBD.l, can proliferate to the point at which they are v is¬ 
ible to the naked eye. 

Fever's patches produce secretory IgA, 

Lymphomas can also arise from within Fever's patches. 



KEY FACT 


Lymphatic drainage from organs 
almost always follows the arterial 
supply. For example, lymphatic 
drainage from the foregut wilt pass 
through the celiac nodes (as the 
foregut supplied by the celiac trunk). 



KEY FACT 


Lymphadenopathy is often the 
first sign of Gl infection or neoplasia. 


NERVE SUPPLY OF THE Gl TRACT 


The Gl tract has a rather complex nerve supply, divided into two major 
groups: extrinsic (parasympathetic and sympathetic innervation), and intrinsic 
(enteric) innervation. 

Extrinsic Innervation 

Lxlrinsic motor and sensory innervation is supplied by both sympathetic and 
parasympathetic nerves (sec Figure V]0), 

Sympathetic Innervation 

Arises at spinal cord levels T5-LL 

The preganglionic fibers synapse with the prcvcrtcbml abdominal ganglia 
(celiac, superior, and inferior mesenteric). 

Flic primary preganglionic neiirotransmitter is acetylcholine (ACh), 
which interacts with the nicotinic receptors of the postganglionic 
nerves. 














Parasympathetic 


Sympathetic 


Neurons oflhe autonomic parasympathetic division project from 
the medulla oblongata and sacral regions of Ihe spinal cord 


Neurons of the autonomic sympathetic division projecl to Ihe gul 
from thoracic and first lumbar segments of the spinal cord 



Medulla 
oblongata 
(Dorsal vagal 
complex) 


Sacral 

spinal 

cord 


Pelvic 

nerves 



Medulla 
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Thoracolumbar 
region 


P re vertebral ganglion 
1. Celiac 
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(Muscarinic) 
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Gut 


figure 3 • i o. Extrinsic nervous system of the Cl tract ACh = acetylcholinesUmiH'; Nl\ = norepinephrine. {Modified, with permis¬ 
sion, from Me PI icc SJ P Cimong WF, Puthophyftmlogy oj Disuttsei An Introduction toQUnhwl \ h’dhim\ 5th M New York: McGraw-Hill, 
2006: 346.) 


The postganglionic fibers then spread to all parts of the gut via the 
splanchnic nerves and terminate on neurons in the enteric nervous 
system, 

'Hie primary postganglionic neurnlransmitter is norepiuchrine, which 
acts as an inhibitory ncurotnmsmitter in the Cl I rad, decreasing 
motility as well as facilitating secretory and digestive functions. 




MNEMONIC 


The parasympathetic system allows 
one to rest and digest (via the 
vagus nerve). 


Parasympathetic Innervation 

Supplied h ihe vagus and pelvic nerves; 

The vagus nerve (CN X) provides both parasympathetic afferent and 
efferent stimuli lo and From the esophagus, stomach, gallbladder, pan¬ 
creas, entire small intestine, and the proximal half of the large intestine. 
Pelvic nerves arising at S2 and $3 innervate the distal half of the colon, 
entire sigmoid, and rectum. 

Preganglionic fibers of the parasympathetic (vagus and sacral) nerves 
synapse directly in the enteric nervous system, releasing ACh and acti¬ 
vating nicotinic receptors. 

Postganglionic fibers only run in the wall of the organ they innervate 
and activate the muscarinic receptors (via ACh). 

The parasympathetic system increases ihe activity level of the enteric 
nervous system. 


Intrinsic Innervation 

Also known as the enteric nervous system, or the "third division" of the auto¬ 
nomic nervous system. It is composed of a series of ganglionic nerve plexuses. 
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contained entirely within the gut wall and running from esophagus to anus. 
Enteric neurons use many neurotransmitters, most notably, neuropeptides. 

The two principal components of the enteric nervous system are llie myen¬ 
teric (Auerbach’s) plexus and the submucosal (Meissner’s) nerve plexus (see 
Figure 3-11): 

The myenteric (Auerbach’s) nerve plexus is located between the outer 
longitudinal and inner circular muscle layers. Its main function is to 
coordinate motility along the full length of the gut wall. 

The submucosal (Meissner’s) nerve plexus is located in the submu¬ 
cosa between the innermost mucosa) layer and the inner circular layer of 
smooth muscle. Its main function is to regulate secretions, blood flow, and 
absorption. 

Visceral Sensation 

Visceral sensory information from the gut is not usually consciously 
perceived. 

Normal visceral sensation, for the most part, is not perceived, except for 
sensations such as hunger and rectal distention. 

Abnormal visceral sensation, however, is perceived as diffuse pain. 

Visceral Versus Parietal Pain 

Due to the differential innervation of the viscera and the parietal peritoneum, 
visceral pain results in cramping pain, while parietal pain causes sharp pain. 

The pain fibers that originate in the viscera arc transmitted via autonomic 
nerves, mainly sympathetic, type C fibers, which only transmit colicky/ 
cramping, poorly localized types of pain. 

In contrast to the viscera and visceral peritoneum, the parietal perito¬ 
neum is innervated by extensions of the peripheral spinal nerves, which 


CLINICAL 

CORRELATION 


Overdistention, ischemia, and 
chemical and mechanical irritation 
are examples of noxious stimuli 
resulting in abnormal visceral 
sensation, which tends to produce 
dull, achy, colicky discomfort. 


3 


KEY FACT 


Visceral peritoneum has no somatic 
nerve supply, and pain is poorly 
localized. 

Parietal peritoneum shares somatic 
innervation with the abdominal 
wall. Thus, the pain is localized. 



Mesentery (binding of 
digestive tract to abdominal wall) 


Lamina propria 


Sub mucosa 

Muscularis mucosae 
{mucosa f motility) 


Submucosal plexus 
(control of secretory 
activity) 

Inner circular muscle 
layer (motility) 


Myenteric plexus 
(control muscle contractions) 


Mesoihetium 
(protective coating; 
reduction of friction) 

Serosa (support) 


Outer longitudinal 
muscle layer 
(moiility) 


Gland in submucosal layer (secretion) 


figure 3 -1 t. Cross-section of digestive tract walk 





CLINICAL 

CORRELATION 


carry the same types of noxious pain sensations as those overlying tire der¬ 
matomes. Therefore, parietal pain results in sharp, localized pain. 


Appendicitis begins as dull, aching, 
cramping (visceral) periumbilical 
pain (approximately in the T10 
germatome). 

Once the appendiceal inflammation 
becomes transmural, the 
parietal peritoneum becomes 
inflamed, resulting in sharp pain 
focalized in the area directly 
over the appendix (McBurney's 
point). 


II I lie pathologic process progresses from the visceral to the parietal region, 
the referred pain will become localized, corresponding to the dermatome 
ovcrlv ing the affected organ. 

Referred Pain 

Many organs have an embryonic origination in one location of the body and 
then migrate to another area, pulling their vascular and nervous supply with 
them. Tims, visceral pain is often referred to sites far removed from the loca¬ 
tion of that organ (indicating the site of embryonal origin of their respective 
innervation). 



KEY FACT 


Viscera! sensations from the gut 
are vaguely localized to the median 
plane, regardless of the location of 
the viscus. 


Example: The embryologic origin of lhe diaphragm and its nerves is in the 
neck. When Hie diaphragm or the surrounding abdominal structures are 
inflamed and cause diaphragmatic irritation (1c,, cholecystitis, ruptured 
spleen), the patient will often fed pain in I lie shoulder because the corre¬ 
sponding dermatome shares a CMC 4 nerve root with (he phrenic nerve* This 
phenomenon is known as referred pain. 

The same concept holds true for other abdominal and thoracic organs (see 
Figure M2), 


Esophagus 



Stomach 

Liver and gallbladder 


Pylorus 

Umbilicus 

Appendix and 
I 1 small Intestine 

Right kidney 
Left kidney 


FIGURE 3-12, Location of pain referred from major abdominal and thoracic organs. 
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ANATOMY AND HISTOLOGY OF THE Gl ORGANS 


The Gl tract is arranged in continuous linear fashion, as a hollow muscular 
tube, and for the most part exhibits the same wall structure throughout. 

In addition to the Gl tract (mouth, esophagus, stomach, small and large intes¬ 
tine), multiple accessory organs (salivary glands, liver, gallbladder, and pan¬ 
creas) have important secretory and metabolic functions. 

The general organization of the digestive tract wall, from the lumen outward 
(see Figure 3-11), is as follows: 

The innermost layer is the mucosa, which consists of an epithelium, 
lamina propria, and muscular is mucosae. 

The submucosa consists of fibrous connective tissue and also contains 
Meissner's nerve plexus. 

The muscularis externa contains three layers of smooth muscle (providing 
GJ motility'): 

H Circular layer. 

Longitudinal layer: The outermost muscular portion that contains 
Auerbach's myenteric plexus. 

The serosa is the outermost layer. Serosa is absent in the esophagus. 

Stomach 

Proximal boundary: The gastroesophageal junction at the level of'1 TO. 
Distal boundary: Finds with the pyloric sphincter at the entrance to the 
duodenum located at 1,1. 

The inferior and larger curve of the stomach is called tile greater 
curvature. 

The smaller curve on the superior aspect of the stomach is known as the 
lesser curvature. 


Histologic and Functional Characteristics 

Mucosa: Simple glands: secrete mucus and bicarbonate throughout the 
stomach. 

Gardia: Distal to the lower esophageal sphincter (LES); does not secrete 
acid. 

The body (corpus): Reservoir and a major site of gastric digestion, Gastric 
glands in tbe corpus contain: 

Parietal cells, which sccrclc hydrochloric acid. 

Chief cells, which secrete pepsinogen and intrinsic factor (IF). 

Pyloric antrum: Distal region of the stomach that is highly muscular, 
grinds food, and regulates gastric emptying, 

G cells secrete Lite hormone gastrin. 

Small Intestine 

Approximately 5-m long, the small intestine is divided into three regions: the 
duodenum, jejunum, and ileum. 


KEY FACT 


The duodenum h mostly retroperitoneal, begins at the gastroduodenal juno ™ 

lion at the pyloric sphincter, and is divided into four parts: jhe superior (first) portion of the 

Superior (first portion): Marked by the prepyloric vein, is attached to a duodenum is the most common site 

mobile mesentery, and is located near the common bile duct and the gas- of duodenal ulcers, 

troduodenal artery. _ 
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KEY FACT 


The horizontal portion of the 
duodenum is the most common 
site of traumatic duodenal injuries 
(crushed against die L3 vertebra). 


Descending (second portion): Fixed retroperitoneal location; receives 
both the common bile duct and the main pancreatic duct through the 
hepatopancreatic (Vaters) ampulla. 

Horizontal (third portion): Fixed retroperitoneal location at I lie level of 

U. 

Ascending (fourth portion): Meets the jejunum at I he duodenojejunal 
flexure. 


Following the duodenum, the small intestine is mobile and suspended in the 
peritoneal cavity by mesentery. 


The jejunum accounts for the proximal three-fifths of the small intestine. 
The Ilcuin represents the remaining distal iwo-fifHis, ending at the ileocecal 
valve, which marks the start of the large intestine. 


Histologic and Functional Characteristics 

Intestinal villi: Intraluminal projections of the mucosa - 1 mm in height 
each containing a single terminal branch of the arterial, venous, and lym¬ 
phatic trees. 

Kntcroeyles: Surface epithelial cells responsible for absorption. Under 
electron microscopy, numerous microvilli are noted on each enterocyte, 
further increasing the absorptive surface of the intestine, 't hey make up 
the brush border facing the intestinal lumen. 

Crypts of Lieberktihn: Spaces between intestinal villi responsible for cell 
proliferation (putative multipotcntial stem cells in the crypts are thought 
to serve as progenitor cells of the four major cell types contained within 
I he villi: enterneytes, goblet cells, enteroendocriue cells, and Panctli cells). 
Goblet cells secrete mucus into the Gf lumen, 

Fnteroencloerine cells secrete hormones into the bloodstream. 

Panetli cells produce antimicrobial peptides and growth factors. 

The average life span of intestinal cells is 4-6 days. 

Large Intestine 

The colon is divided into several anatomic segments: the cecum, ascending, 
transverse, descending, and sigmoid colon. Overall length averages 1,5-1.8 m. 

In contrast to the small intestine, the colon has no villi and only a few 
folds. 

It contains goblet, endocrine, and absorptive cells. 

Its muscle layer has three longitudinal bands of smooth muscle (tenia coli) 
and typical 1 illustrations (sacculated wall). 

Liver 

A large, mostly intraperitoneal organ, positioned just inferior to the diaphragm 
in the RUQ of the abdomen, typically spanning from the fifth intercostal 
space in the midclavicular line to the right costal margin. 

On physical exam, the size of the liver can he determined by percussion 
dullness: usually it is not palpable below the costal margin. 

There are two methods (each carrying its own significance) by which to divide 
the liven 
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FIGURE 5-13. Segmental anatomy of the liver by CT scan. (A) I lie pin lies of the hepatic 
veins arc demonstrated. These liver segments are ceplialad to the portal vein bifurcation. 

(R) The transverse plane of (lie portal bifurcation; the noted segments begin lu re and are caudal 
to the portal vein bifurcation, (Reproduced* with permission, from Bmiiicanti YC t Andersen 
DK, Billiar TR, et aL, Schwartz's Principles of Surgery, Bill cd. New York: McGraw-Hill, 2005; 

114?.) 


Anatomically, the liver is divided into four lobes: right, left, caudate, and 
quadrate. The right and left lobes arc divided by the falciform ligament, 
making tlie right lobe significantly larger than llie left. 

Functionally, and based on the blood supply (see Figure >13), the liver is 
divided into eight segments (numbered l-VHI). This division is significant for 
surgeons as liver resections arc done based on this segmental division. 

Histologic and Functional Characteristics 

llepatocytcs are polygonal epithelial cells arranged in long plates 1-2 cells 
thick, giving the histologic specimen a very uniform appearance, 

Liver sinusoids course between these plates of hepatoeytes. They arc com¬ 
posed of fenestrated endothelial cells and arc in Free communication with 
each other throughout the liver. 

The liver lobule (see Figure 3-14) is an anatomic and functional structure 
created by the radial arrangement of plates of hcpatocytes and the inter¬ 
vening sinusoids around the central vein. 



Central vein — 

Bile canaliculus 
Space of Disse (lymphatic drainage) 

Liver cell plates - 

Sinusoids draining to central vein 
Bile ductule --- 


Kupffer cell 
Branch of hepatic artery 
Branch of portal vein 
Bile canaliculus — 


FIGURE 3*14. Detailed structure of the liver lobufe. 1 Modified, with permission, from 
Glmmirasoifia P. Taylor CK, Concise Pathology, 3rd cd. Originally published by Appleton & 
Lange. Copyright 1 199H by The McGraw-Hill Companies hie.) 
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CLINICAL 
CORRFl ATION 


The dual arterial/venous blood 
supply is unique lo the liver and 
often prevents ischemia following 
occlusion or ligation of the hepatic 
artery, 


Between the endothelial cells of the sinusoids and the hepatocytcs them¬ 
selves is the space of Disse. 

'( Kupffer cells are macrophages that are specific to the liver and reside in 
the liver sinusoids. 

’Ilie lobules of the liver are hexagonal in shape and separated by connec¬ 
tive lissne. Traveling within this connective tissue in between the lobules 
are the portal triads: branches of the hepatic artery, portal vein, ami bile 
duct. 

The liver has a dual blood supply, with 80% of the blood coming from the 
portal vein and the other 20% from the hepatic artery. 

The portal venous blood comes from the venous drainage erf the Cl tract: 
it is therefore rich in nutrients but lacks oxygen. This blood allows the liver 
(o perform its metabolic functions. 

The arterial supply to the liver is responsible for oxygenating the hepato- 
cytes and supporting liver cells. 


Gallbladder 

The gallbladder is a small sac-like structure located on lire inferior surface of 
the liver. It is divided into the fundus, body, and neck; ii then narrows into 
the cystic duct, which is the structure that drains the gallbladder {see Figure 
3-15). 

The cystic duct then joins with the common hepatic duet lo form the 
common bile duet. 

The common bile duct descends and finally joins with the pancreatic 
duel at the ampulla of Vatcr to empty into tire second portion of the 
duodenum. 


I I biologically, the mucosa of the gallbladder is composed of simple columnar 
epithelium in which all of the cells arc virtually identical. 

It is folded when the gallbladder is empty, which can cause it to resemble 
intestinal epithelium; the gallbladder is distinguished by its lack of goblel 
cells and crypts. 



FIGURE 3*15. The gallbladder and its surrounding structures. 
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Physiology 



HYPOTHALAMUS 


The hypothalamus controls the body's sense of hunger and fullness. 

Lateral hypothalamic area (LHA): Sensation of hunger ii.c\, stimulates 
feeding). 

Ventromedial nucleus of the hypothalamus (VNH): Sensation of fullness 
(i.c„ tells the animal to slop feeding). 


MOUTH 


Tire month is the first site of digestion. It is the site of mechanical breakdown 
of the food by mastication (chewing). 

The chewing reflex causes the up-and-down movement of the lower jaw . 
Most of the muscles of mastication arc innervated h\ the trigeminal 
nerve (CN V). 

Salivary Secretions 

The salivary glands (see f igure vl6) produce approximately 1.5 L of saliva 
cadi day. Saliva helps moisten and digest food, while protecting the oral cav¬ 
ity from bacteria. 

Major salivary glands include the parotid, submandibular (submaxillaryh 
and sublingual glands. 

Minor salivary glands include a group of liny glands located in the buccal 
mucosal area. 

Parasympathetic stimulation: An increase in the secretion of watery saliva 
is mediated by CN \ 11 (facial nerve) and CN IX (glossopharyngeal nerve) 
from the superior and inferior saliva ton nuclei in the brain stem via mus¬ 
carinic receptors. 

Sympathetic stimulation is mediated via ji-adrenergie receptors, and 
causes an increase in secretion of viscous saliva (via Tl-’H nerves of the 
superior cervical ganglion). 



KEY FACT 


Lesions of the: 

■ LHA can cause anorexia, 
« VNH can cause obesity. 



KEY FACT 


Leptin is a protein hormone released 
from adipocytes, It ads on many 
parts of the hypothalamus, especially 
the arcuate and paraventricular 
nuclei. Leptin decreases appetite 
and increases metabolism. 



KEY FACT 


Peptide YY is produced by the small 
intestine and colon and reduces 
appetite in response to eating. 



KEY FACT 


Anticholinergic drugs, such as 
atropine, cause dry mouth. 



figure 3-16, The major salivary glands. (Tuui^e njiiTlesv of Aimed hirccs Instill Me of 
Pathology via PEIR Library [htlp://pdr<nd|>) 
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Tlie hvo major types of salivary protein secretions are serous (a-amylase; pri¬ 
marily parotid gland) and mucous (mucin). The submandibular and sublin¬ 
gual glands are a mixture of serous and mucous glands. 



KEY FACT 


Aldosterone causes an increase in 
the secretion of K + and reabsorption 
of Na + and Cl“. similar to its actions 
in the renal distal tubule. 


Composition of Saliva 

Enzymes: 

aAmylase (ptyalin): Begins digestion of carbohydrates, particularly 
starches, by hydrolyzing a-1,4 bonds- It is inactivated by the low pi I of 
the stomach. 

Lingual lipase: Begins digestion ot lipids; breaks down triglycerides 
into fatty acids and monoglyeerkles. tt is capable of continued digestion 
within the stomach. In contrast to pancreatic lipase, it can cleave fatty 
acids from all three positions on a triglyceride. 

Ions: 

High in bicarbonate and potassium. 

Low in sodium and chlorine. 

Tonicity: 

In low flow rate states, saliva is hypotonic relative to plasma, with high 
Na+ and Cl- and low K+. 

In high flow rate slates, saliva is closer to isotonic (relative to plasma), 
with low Na+ and Cl- and high K+. 

The pH is between 6 and 1. 

Antibacterial actions: The flow of saliva and enzymes and antibodies help 
lo fight dental caries: 

Lysozyme attacks bacteria and digests food particles. 

Lactofcrrin, 

Thiocyanate ions enter bacteria and become bactericidal. 

Antibodies (IgA). 

Dcfensins* 


Swallowing (Deglutition) 

Deglutition is a process regulated by the swallowing reflex, which is coordi¬ 
nated in the medulla. Simply stated, swallowing is propulsion of the bolus 
through the pharynx while respiration is temporarily blocked. There are three 
stages of swallowing: voluntary, pharyngeal, and esophageal. 

Voluntary stage: The bolus is pushed to the posterior of the pharynx by 
tlie tongue* 

Pharyngeal phase: Initiated through the epithelial swallowing receptor 
reflex. 

Esophageal phase: See the esophagus section for an explanation. 

The pharyngeal phase (epithelial swallowing receptor reflex) is carried nut 
through the following steps: 

Upward movement of the soft palate lo prevent reflux of food into I lie 
nasal cavities. 

Constriction of the palatopharyngeal folds, which creates a small pas¬ 
sageway that permits only properly masticated food to pass into the poste¬ 
rior pharynx. 

Closure of the glottis to prevent passage of food into tlie trachea. 
Tightening of the vocal cords and upward movement of larynx, causing 
the epiglottis lo swing backward over the opening of the larynx. 

The upper esophageal sphincter (UES) relaxes in < 1 second. 







ESOPHAGUS 


The esophagus is a muscular tube lined with nonkeratinized stratified 
squamous epithelium* It connects the pharynx through the UES to the stom¬ 
ach via the I -FS. 

Upper esophagus: Mostly skeletal muscle; primarily controlled by the 
nucleus ambiguus. 

Lower esophagus: Predominantly smooth muscle; controlled by the dorsal 
nucleus of the vagus nerve* 

The esophagus quickly propels food toward the stomach via peristaltic con¬ 
tractions, and is controlled by: 

The extrinsic nervous system: The synipathetics and parasvmpathclits of 

the CNS. 

The intrinsic nervous system (enteric nervous system): Myenteric (Auer¬ 
bach’s) plexus, which promotes motility of smooth muscle, and the sub¬ 
mucosal (Meissners) plexus, which controls secretion and blood flow. 

The enteric nervous system uses ACh, dopamine, and serotonin as 
neurotransniitlcrs. 

Under physiologic conditions, the average resting esophageal pressures (if the 
pharynx is at 0 mniHg) are: 

UES =+100 mm Hg 
Esophagus - -5 mud fg 
LES - +20 mniHg 
Stomach = +5 nimHg 

Swallowing 

The esophageal phase ot deglutition involves movement of food toward the 
stomach, causing relaxation of I lie LES as a result of vagal stimulation* 

Primary peristalsis is a continuous peristaltic wave. Food movement is 
accelerated by gravity* 

Secondary peristalsis is a reflexive reaction. Distention of the esophagus 
triggers a peristaltic contraction that clears the esophagus of remaining 
food. 

As food passes down the esophagus it triggers the proximal region of the 
stomach to relax, a phenomenon known as receptive relaxation. 

Increased pressure applied to the UES induces emesis (vomiting), which can 
be caused by: 

Gastric uvcrdislcntioil. 

C )ropharyngeal stimulus. 

Chcmoreceptor trigger of the area postrenui of the medulla. 

Vestibular stimulus. 


Ml 


Chronic gastroesophageal 
reflux disease (GERD) can lead 
to Barrett's esophagus, which is 
metaplasia of stratified squamous 
epithelium into the columnar 
epithelium. 



KEY FACT 


Intraesophageal pressure equals 
thoracic pressure; both are tower 
than the atmospheric pressure. 


CLINICAL 

CORRELATION 


Poor tone of the LES can lead to 

GERD. 


n CLINICAL 
W CORRELATION 


Damage to the myenteric plexus 
in the lower two-thirds of the 
esophagus causes achalasia 
(failure of the LES to relax; see 
Figure 3-17). 


Mil 


CLINICAL 
CORRELATION 


Over time, the esophagus dilates 
and barium swallow shows a classic 

'bird's-beak" esophagus. 


STOMACH 


The food bolus undergoes further mechanical and chemical breakdown in 
the stomach. These processes are enabled by several substances secreted by 
the stomach. 

Once the bolus is propelled through the pyloric sphincter into flic duode¬ 
num, il is known as chyme. 


If 
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FIGURE 3 - T 7 . Motility patterns in selected esophageal and pharyngeal disorders. 

(Modified, will* permission, from Kasper LU., Braimwald V . Kauci AS, e<k Hcirmtms Prinripfes 
»/ fn/crmi/ Met/icmc, 16th cd. New York: NkCImvv-l lill, 2005; l" il,) 



FLASH BACK 


Pyloric stenosis is a congenital 
condition in which the muscle 
of the pyloric sphincter is too 
hypertrophied to allow the passage 
of chime, resulting in projectile 
vomiting. The classic physical 
finding is an olive-shaped mass on 
abdominal exam. 


11 ic s Ion well's baseline rate of contractions (5-5 contraction waves even’ min¬ 
ute) is known as the basal electric rhythm 

Parasympathetic stimulation of the vagus nerve increases stomach 
contractions. 

Sympathetic stimulation of the celiac plexus decreases stomach 
contractions. 

Migrating motility complex (MMG): Contractions of the stomach and 
small intestine during fasting conditions. These contractions occur in a 
cyclic motor pattern and prevent bacterial overgrowth {housekeeping). 
They repeat even' 90-120 minutes and arc mediated by morilin. 


I lie stomach s main motor functions include storage, mixing, emptying, and 
hunger contractions. 

Food is stored for about 45 minutes and undergoes mixing before it is 
squeezed out via the pyloric sphincter. 

Retropulsion: Phasic type of contraction during which I he pyloric 
sphincter narrows. Allows for more efficient mixing of the bolus in the 
stomach. 

Emptying of the stomach is enabled by an intense con I rad ion, which 
pushes the food through the pyloric sphincter. 


The rate of stomach emptying is controlled by the content of food, 

1 lypotonie or hypertonic food delays gastric emptying. 

The presence of lipids and partially digested proteins in the food stimu¬ 
lates Ihe release of eholecystokinin (CCK), which decreases gastric motil¬ 
ity. I bus delaying gastric emptying. 

Increase of II + in the duodenum inhibits gastric emptying. 


Regulation of Gastric Secretions 

Ckistric secretion occurs in Hi rue interrelated stages: cephalic, gastric, and 
intestinal phases. 


























KEY FACT 


Cephalic phase: Parasympathetic stimulation from the appetite centers ot 
the hypothalamus and/or amygdala to the stomach produces salivary and 
gastric secretions due to the sight, smell, thought, or other neurologic stim¬ 
uli of food. 

Gastric phase: Stimulated by long vago vagal and enteric reflexes that 
increase acid production through the release of gastrin due to distention 
of the stomach. 

Intestinal phase: Further release of gastrin from the duodenum as a result 
of I lie presence of protein in the upper portion of the small intestine. 

The presence of chyme in the intestines stimulates gastric secretion in the 
intestinal phase. However, it also paradoxically inhibits gastric secretion via 
the reverse cntcrogastnc reflex, as well as through the release of several hor¬ 
mones, including secretin, gastric inhibitory peptide, vasoactive intestinal pep¬ 
tide (VIP), and somatostatin. 

The inhibition of gastric secretions helps regulate the amount of chyme enter¬ 
ing the duodenum. 

The secretory products of the stomach arc depicted in Table 3-6. 

Mechanism of Hydrochloric Acid Secretion 

HC1 is secreted by the parietal cells in the stomach and regulated by the pro¬ 
ton pumps, which exchange a proton for potassium. Chlorine follows the 
electrical gradient (see Figure 3-18). 

■i Mechanism of gastric MCI secretion in parietal cells: 

ji CO? + H-jG - 4 ] I + + HGO^~ via the action of carbonic anhydrase. 
h H + -K + pump secretes IP into the stomach lumen. 

IICO^" and Gh are exchanged through the bloodstream, and Ch 
follows 11 + into the stomach lumen. 


I 

Pepsinogen is a zymogen precursor 
of pepsin activated by: 

• Acid 

9 Pepsin (autocatalysis) 


z 


KEY FACT 


"Alkaline tide" is the name for the 
phenomenon seen when the pH of 
the blood increases, and that in turn 
makes the urine more alkaline after 
a large meal, due to an increase in 

HQV- 



The proton pump inhibitors (PPIs, 
Le. r omeprazole) function to inhibit 
gastric add secretion. 

H 2 -receptor antagonists, such as 
cimetidine decrease the secretion of 
histamine. 


table 3 - 6 . Gastric Secretions 


Product 

Source 

Location 

Action 

Regulation 

Stimulus 

Regulation Inhibition 

Gastric acid 

(HCI) 

Parietal 

(oxyntic) 

cells 

Body, fundus 

Aids in digestion. 
Activates pepsin from 
pepsinogen. 

Kills pathogens. 

Gastrin, ACh (vagus), 
histamine. 

Low pH, prostaglandins, GIP 
secretion (negative feedback), 

somatostatin. 

In tins ic 

Factor (IF) 

Parietal 

(oxyntic) 

cells 

Body, fundus 

' Binds to vitamin B 12f 
leading to its uptake in 
the ileum. 

Gastrin, ACh (vagus), 

histamine. 

Low pH, prostaglandins, GIP 
secretion (negative feedback), 

somatostatin. 

Pepsinogen 

Chief cells 

Body, fundus 

Precursor for pepsin 
Digests protein at a pH 
between i.o and 3.0. 

Gastrin, ACh (vagus), 
histamine. 

Somatostatin. 

Mucus 

Mucous cells 

Entire stomach 

Protects mucosa from 

the acidic environment 

and pepsin. 

Contains 

Acetyfchotline 

(vagus). 


HCOj- 

tuiHmBixpuimwaiinni: 

Mucous cells 

Entire stomach 

Neutralizes acid. 

■■BMWMMMniaiaiiiiini i i mm Wf iniii 

Secretin. 
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FIGURE 5-18, Add secretion by parietal cells. 'Ibp: Upon stimulation, the tubulovc- 
sicuhiF network in the parietal veil fuses to form an extensive canalicular membrane wilh 
riiierm illi t which increases the surface area. Bottom: The mechanisms of l K !l secretion by 
parietal cells, sti initiated by histamine, ACIt, and gastrin, are tlcmomtralcth M vR, muscarinic 
Treceplor; II2-R, histamine 2-rcceptbr; CCKB-R, CX'K B rccoplor. (Modified, wilh permis¬ 
sion, (rorn MePhee Sj, GanmigWK Pathophysiology of Disease: An Introduction to Clinical 
Medicine, 5th ed. New York: McGraw-Hill, 2(306:1ST) 


CLINICAL 

CORRELATION 


Zoflinger-Ellison's syndrome 
(gastrinoma) is seen when an 
abnormally large amount of gastrin 
is secreted by the non-|J-ee!l tumors 
of the pancreas, leading to multiple 
gastric and intestinal ulcers. 



KEY FACT 

i_ 


Phe and Trp are strong stimulators 
of gastrin. 



KEY FACT 


GRP and VIP are found in the 
suprochiasmatic nuclei of the 
hypothalamus and may play a part 
in mammalian arcadian rhythm. 


Absorption 

The stomach is capable of absorbing alcohol and lipid-soluble drugs, such as 
aspirin. 

Hormones and Peptides 

Hormones and peptides regulate the digestion and absorption of food through¬ 
out the G1 tract, They are released from endocrine cells found in the G1 
mucosa and enter the portal venous circulation. 

The following G! hormones are found in the stomach: 

Gastrin 

Anatomic significance: Produced by G cells in the antrum of the stomach 
and duodenum. Its secretion is controlled by several factors: 

Stimulated by stomach distention, amino acids and peptides present in 
the lumen of the small intestine, and vagal influence. 

Inhibited by an increase in H + in the lumen of the stomach. 
Physiologic action: Gastrin stimulates: 

Parietal cells to increase gastric acid secretion. 

Chief cells to secrete pepsinogen, 

KnterochromafBn-like (ECL) cells (neuroendocrine cells found in 
the Cl mucosa) to secrete histamine. 

Grow th of gastric mucosa (trophic action). 

Gastric motility. 
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Gastrin-Releasing Peptide (GRP) 

Produced by vagal postgang!ionic nerve endings in response in gastric disten¬ 
tion and llie cephalic phase of gastric secret ions. 

Stimulates die release of gastrin from (> eells. 


SMALL INTESTINE 


The main function of the small intestine is digestion anti absorption of 
food and nutrients using digestive enzymes (see Table 3-7). Because diges¬ 
tive enzymes can only interact on the surface of chyme, the surface area of 
ingested food must he increased, 'The great length and tubular sin id lire of the 
intestines, as well as the endothelial brush border, increase the surface area, 
aiding absorption. 


table 3-7, Small Intestinal Secretions 


’MUitmtiniTCiittrNffmjrcrmTr 

Product 

iwr^nmitl 1 11mrmtrii mw « m Itmrtminn 1111 m inrrrmTrr > -,WA i anuoi mitmiJi11 mi * ■ . ‘rPUJtiittiuiiiiiititafrMte, ^miiiiKriirHiiiimiinitin iiiuiiuiiiLiiiiiiiinnrG irtw^jaum 

Source Location Action Regulation Stimulus 

Cl" 

Crypts of 

Lieberkuhn 

Entire small intestine 

Makes a watery fluid for easier absorption. 

CCK, secretin, enteric 

nervous reflexes 

hco 3 - 

Crypts of 

Lieberkuhn 

Entire small intestine 

Makes a watery fluid for easier absorption. 
Helps neutralize gastric acids. 

CCK, secretin, enteric 

nervous reflexes 

Peptidases 

Brush border 

enterocytes 

Entire smalt intestine 

Hydrolysis of dipeptides and tri pep tides into 
amino acids. 

Enteric nervous reflexes 

Sucrase 

Brush border 

enterocytes 

Entire small intestine 

Hydrolysis of sucrose into fructose and 
glucose. 

Enteric nervous reflexes 

Maliase 

Brush border 

enterocytes 

Entire small intestine 

Hydrolysis of maltose into two glucoses. 

Enteric nervous reflexes 

Isomaltase 

Brush border 

enterocytes 

Entire small intestine 

Hydrolysis of saccharides not digested earlier. 

Enteric nervous reflexes 

Lactase 

Brush border 

enterocytes 

Entire small intestine 

Hydrolysis of lactose into galactose and 
glucose. 

Enteric nervous reflexes 

a-Dextnnase 

Brush border 

enterocytes 

Entire small intestine 

Hydrolysis of terminal a-M bonds, to make 
glucose. 

Enteric nervous reflexes 

Intestinal lipase 

Brush border 

enterocytes 

Entire small intestine 

Breakdown of neutral fats into fatty adds 
and glycerol. 

Enteric nervous reflexes 

Heavy alkaline 

mucus 

Brunner's 

glands 

Duodenum 

Protects duodenum from the large amount 
of gastric acid. 

Secretin, tactile/mitating, 
ACh (vagus) 

Mucus Goblet cells 

Entire small intestine 

*LU 4 ifi 1 11 If (■ 11 limiltliliiiiltiiiiTfmn mil 

Lubricates and protects intestines. Enteric nervous reflexes 

"■■■■ ■■ >Hmm»nn | in until iiilliinmHiHtnm fgmMrtmummti 11 iinnlti lliiti limn lit tmjUP 


KEY FACT 


Atropine does not block gastrin 
secretion because this hormone is 
mediated by GRP instead of ACii 
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KEY FACT 


The small intestine does not store 
food. 

Contraction waves: Initiated by ACh 
and substance R 

Relaxation: Initiated by VIP and nitric 
oxide. 



FLASH BACK 


Vibrio choferae produces the 
cholera toxin, which causes 
increased secretion of chlorine, 
leading to osmotic diarrhea. 



KEY FACT 


Lactase deficiency is a common 
cause of osmotic diarrhea and flatus 
in African American, Mediterranean, 
and Asian populations. 



KEY FACT 

1 _ 


Dietary energy from absorbed 
substances: 

■ Carbohydrates: 4 Keal/g 

■ Proteins: 4 Kcal/g 

■ Fats: 9 Kca!/g 



KEY FACT 

i_ 


Only monosaccharides such as 
glucose, galactose, and Iructose can 
be absorbed. 


I lie small intestinal endothelium is constantly turning over with new 
endothelial cells due to the large amount of wear and tear. 

Goblet cells (specialized endothelial cells) aid in (lie lubrication and tran¬ 
sit of chyme through the small intestine by producing mucus fa protective 
glycoprotein). 

The basal electric rhythm of the small intestine is faster than that of the 
stomach: 12 waves per minute in the duodenum and S-9 waves per minute in 
the ileum. 

Chyme is mixed via segmental contractions and propelled forward with 
peristaltic contractions (which increase with parasympathetic stimulation 
from (he vagus nerve and decrease with sympathetic stimulation from the 
mesenteric ganglion). 

Fasting MMC occurs even* 90 minutes. 

Absorption 

The pritnan location for absorption of nutrients is the small intestine* This is 
due to lhe specialized surface endothelial villi structures known as the brush 
border, which greatly increases the surface area of the small intestine to more 
efficiently absorb nutrients. The small intestine absorbs nutrients from the 
chyme in (lie stomach. 

Nonfat, water-soluble nutrients are absorbed through the small intestine 
into the portal vein, where they arc transported to the liver for sloragc and 
processing. 

fat-based nutrients enter into (he mesenteric lymphatic system of the 
intestines and bypass the liver. 

Duodenum 

This small section of the small intestine is responsible for much of llic absorp¬ 
tion of nutrients: 

Water and ions such as sodium, chloride, and potassium arc absorbed pas¬ 
sively with solutes. Sodium can facilitate the absorption of other nutrients 
through a e«transporter. 

Glucose and galactose (sec Figure 3-19): 

Compete for absorption in the luminal side of the cnlerocyte via a 
sodium-dependent cotransporter known as SGLTI. 

A sodium-potassium pump on the basolatenil side maintains the low 
sodium gradient within the cell. 

Glucose and galactose exit the cell basolaterally through the GLUT 2 trans¬ 
porter. 

Lipids (see Figure 3-20) are emulsified by bile acids in the small intes¬ 
tine and form micelles due In their hvdrophohic nature. Micelles trans¬ 
port fatty acids, cholesterol* and nionoglvcerides to the brush border of the 
enterocytcs. Glycerol is hydrophilic and is not part of the micelle body. 
Within the cnterocyte, re-esterification of the fatly acids, inonoglvccr- 
itles, and cholesterol takes place to form triglycerides and cholesterol 
esters. 

Triglycerides and cholesterol esters arc mixed with apoproteins and 
form chylomicrons. 

Chylomicrons then enter the lymphatic system and enter the blood¬ 
stream via the thoracic duct. 

Vitamins A, t) T E, and K arc fat-soluble vitamins that arc absorbed within 
micelles with fatty acids and cholesterol. 
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figure 5 - 19 * Mechanism for glucose transport across intestinal epithelium. (Modi¬ 
fied* with permission, from Ganong WF. Review of Medical Phvsiologw 22nd ed, New York: 
McGraw-Hill. 21)05: 472.) 


Proximal Jejunum 

The absorption of glucose, galactose, lipids, and vitamins A, D , F, and K con- 
tinue in 11 i is portion of the small intestine. In the proximal jejunum, the diges¬ 
tion of sonic additional nutrients begins. 

Fructose is absorbed via facilitated diffusion on the luminal surface of the 
intestines through the GLUT 5 transporter. II is absorbed hasolatcrally 
through the GLUT 2 transporter, the same transporter as that for glucose 
and galactose. 



I;; CUN1CAI 
; CORRELATION 


Abetalipoproteinemia is an 
inability of chylomicrons to leave 
the enterocyte due to a lack of 
(J-apolipoprotein. 



FLASH BACK 

h___ 


Fat-soluble vitamins (A, D, E, and 

K) are lost in steatorrhea (fatty 
stool). 



Monoglycerides Fatly acids 



Monoglyceride + 2 Fatty acyl-CoA 


I 

Triglycerides 




CLINICAL 

CORRELATION 


Vitamin D deficiency: 

In children - Rickets 
In adults = Osteomalacia 


figure 3-20, Mechanism of lipid absorption. (Modified, with permission, from Bnmi- 
cardi FC, Andersen DK, BilliarTR* el al„ Schwartz's Principles of Surgery* 8th ed. New York: 
McGrmv-l lill. 2005: 27.) 


































FLASH BACK 


Protein can be absorbed as tripeptides, dipeptides, and amino acids, Most 
amino acids have specific sodium-dependent cotransporters. Tripeptides 
and dipcplidcs are absorbed via a proton-dependent cotransporter. 


l« 

Distinguish marasmus from 
kwashiorkor: 

Marasmus: Small child with *EJ. 
face" (pinched no cheeks) who is 
hungry (begging for food). 

■ Results from diet deficient 
in total calories and vitamins 
(starvation or anorexia 
nervosa). 

Kwashiorkor: Small child with 
moon face (fat cheeks) and swollen 
belly who is apathetic. 

■ Results from protein- 
deficient MEAL(L)s: 

Malabsorption 

Edema 

Anemia 

Liver is fatty, dysfunctional 
Low serum albumin 


I 


KEY FACT 


Vitamin B, ? deficiency can result 
from a loss of IF, such as in 
pernicious anemia or following 
gastrectomy. 



CLINICAL 

CORRELATION 


In patients with cholelithiasis, pain 
increases after fatty meals due to 
increased secretion of CCK, which 
induces gallbladder contraction. 


Terminal Jejunum 

Continues hr absorb glucose, galactose, fructose, lipids, protein, and vitamins 
A, I), E, and K. The digestion of some additional nutrients begins in the ter¬ 
minal jejunum: 

Water-soluble vitamins are absorbed via specific sodium-dependent 
cotransporters. 

Ileum 

The absorption of protein continues, ll can act as a reserve for additional 
nutrients I hat have not yet been absorbed Some additional nutrients begin to 
be absorbed in the ileum: 

Vitamin Bp (bound to IE) is absorbed via specific receptors in the ileum. 

Hormones and Peptides 

Cl hormones and peptides found in the small intestine include: 

Gastrin 

See stomach section. 

Cholecystokinin 

Anatomic significance: Produced by 1 cells in flic duodenum and 
jejunum, 

Release is stimulated by fatly acids and amino acids present in the 
small intestine. 

Release is inhibited by secretin and low stomach pH. 

Physiologic action: 

Stimulates pancreatic enzyme secretion (amylase, lipases, and pro¬ 
teases), gallbladder contraction, relaxation of the sphincter of Oddi, 
and growth of exocrine pancreas and gallbladder cells. 

Inhibits emptying of the stomach. 

Secretin 

Anatomic significance: Produced by S cells in the crypts of Lieberkiihn 
of lhe duodenum. 

Release is stimulated by decreased pH in the stomach and the pres¬ 
ence of fatly acids in the duodenum. 

Physiologic action: 

Stimulates pancreatic bicarbonate secretion (neutralizes gastric acid lo 
allow pancreatic enzymes to function correctly}, production of bile by 
the liver, and growth of exocrine pancreas cells. 

Inhibits gastric acid secretion. 

Somatostatin 

Anatomic significance: Produced by D cells in the duodenum, delta cells 
of the pancreatic islets, and Cl mucosa cells. 

Release stimulated by gastric acid. 

Release inhibited by vagal stimulation. 
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GASTROINTESTINAL 


Physiologic action: 

Inhihits gastric acid and pepsinogen secretion, pancreatic and small 
intestine fluid secretion, gallbladder contraction, and insulin and glu¬ 
cagon release. 



KEY FACT 
L_ 


Somatostatin is an inhibitory and 
anti’growth hormone. 


Gastric Inhibitory Peptide 

Anatomic significance: Produced by K cells of the duodenum and 
jejunum. 

Release stimulated by amino acids, fatty acids, and ora! glucose. 
Physiologic action: 

Stimulates release of insulin. 

Inhihits gastric H + secretion. 

Pancreatic Polypeptide 

Sec pancreas section. 



KEY FACT 
i _ 


Oral glucose results in a faster 
release of insulin than the equivalent 
amount of glucose given IV because 
of increased release of gastric 
inhibitory peptide due to the oral 
glucose stimulus. 


Enteroglucaggn 

Anatomic significance: Produced by L cells of the small intestine. 
Physiologic action: 

Stimulates release of insulin. 

Inhibits gastric and pancreatic secretions. 


MomuN 

Anatomic significance: Produced by enterochromaffin cells in the duo¬ 
denum and jejunum. 

Release stimulated by the absence of food for > 2 hours. 

Physiologic action: Stimulates MMC in llie stomach and small intestines 
as well as the production of pepsin. 


Histamine 

Anatomic significance: Secreted by ECL cells. 

Release stimulated by gastrin and ACh, 

Physiologic action: Stimulates the secretion of gastric acid. 

Vasoactive Intestinal Peptide 

Anatomic significance: Produced by enteric neurons and the pancreas. 

Release stimulated by intestinal distention and vagal activation. 
Physiologic action: Stimulates receptive relaxation of the stomach and 
relaxation of intestinal smooth muscle, intestinal secretion of water and 
electrolytes, and increased release of pancreatic bicarbonate. 


COLON 


The main function of the colon is the roabsorplion of electrolytes and water as 
well as short-term storage of undigested material {feces), followed by its excre¬ 
tion. The colon is larger in diameter than the small intestine and is inhabited 
by normal bacterial flora. 

These bacteria synthesize vitamin K. B-complex vitamins, folic acid, and 
short-chain fatty acids (a preferred source of nutrition by colon ocylcs), 
and metabolize nitrogen. 

Hie colon has slow waves that slowly mix the feces, allowing fluid reab¬ 
sorption in the ascending colon with haustmtions (segmental contrac- 



KEY FACT 


VIPoma is a tumor usually found 
in the pancreas that produces 
an excess of VJR causing chronic 
diarrhea. 



KEY FACT 


Bacteria I lipases hydrolyze fatty 
acids into hydroxyl fatty acids, such 
as oleic acid, which stimulates fluid 
secretion within the colon. 



KEY FACT 


Undigested material travels from the 
ileocecal valve to the anal sphincter. 
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tions), which take about H—] 5 hours and cause a net movement of feces to 
the transverse colon, where transit speed tends lo increase. 

Large contractions of the colon (mass movements) prepare stool to he 
eliminated. 

Contractions increase with parasympathetic stimulation of the vagus and 
sacral nerves and decrease with sympathetic stimulation from the mesen¬ 
teric ganglion. 

When the stomach is full, it can cause a reflex known as the gastrocolic 
reflex, which increases the frequency of mass movements. 


The colon can secrete excess 
potassium in diarrhea, resulting in 
hypokalemia. 


I he colon is capable of secreting potassium and bicarbonate. 

Hie colon is the most efficient absorber of water via actively transported 
sodium. It can also absorb chloride, potassium, and short-chain fatty acids. 


EXOCRINE PANCREAS 


The pancreas acts as an exocrine gland (via acini and duets) and endocrine 
gland (via islets of Uwgerhans), The exocrine portion of I lie pancreas has a 
major role in digestion. The serous acini of the pancreas synthesize and store 
a large number of inactive enzymes known as zymogens, keeping them ready 
tn be released into the duodenum when necessary. 




CLINICAL 
CORREl ATION 


Pancreatitis results from 
overwhelmingly activated zymogens 
and proenzymes within the 
pancreas, leading to self-digestion, 
Cystic fibrosis (CF) is a disorder of 
the CF transmembrane conductance 
regulator protein that results in 
a defect of the CP channels. CF 
is associated with a deficiency of 
pancreatic enzymes. 



KEY FACT 


Pancreatic deficiency can lead to 
malabsorption, steatorrhea, and fat- 
soluble vitamin deficiency. 


Hormones and Peptides 

Gl hormones found in the pancreas include: 

Somatostatin: Sec small intestine section. 

Pancreatic peptide: Produced by F cells (PP cells) of the pancreas and 
small intestines, its release is stimulated by protein, fat, and glucose in the 
intestinal lumen. 

Inhibits the release of pancreatic secretions. 

VIP: See the small intestine section. 

Pancreatic Enzymes 

Pancreatic secretions (see Table 3-8) contain enzymes that can digest carbo¬ 
hydrates, protein, fats, and nucleic acids. They also contain a large amount of 
bicarbonate to neutralize gastric acid within the duodenum. 

The release of pancreatic secretions is controlled by CCk, secretin, and 
ACfa from the vagus nerve. 

Pancreatic enzymes arc produced in an inactive form known as zymogen 
(proenzyme) by the exocrine serous glands of the pancreas. 

Once the inactive and active enzymes are excreted out the pancreatic duct 
via the papilla of Vater, trypsinogen is activated by the duodenal brush 
border enzyme enteokinase to become trypsin. 

Trypsin can activate the remaining zymogens and proenzymes into their 
active form. 

The pancreas produces enzyme inhibitors to inactivate trace amounts of 
active enzymes within the pancreatic parenchyma. 
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TABLE 3 - 8. Pancreatic Enzymes 
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Enzyme 

Z YMO GEN /PROmZ YM E 

Enzyme Cuss 

Catalyzing Activity 

Pancreatic amylase 

None (secreted as active 
form) 

Polysaccharidase 

Hydrolysis of starch to oligosaccharides and disaccharides. 
Hydrolysis of glycogen. 

Does not hydrolyze cellulose. 

Trypsin 

Trypsinogen 

Protease 

Activates other pancreatic zymogens. 

Hydrolysis of proteins into peptides. 

Chymotrypsin 

Chym otry psi no g e n 

Protease 

Hydrolysis of proteins into peptides. 

Carboxy peptidase 

Procarboxypeptidase 

Protease 

Hydrolysis of peptides into amino adds. 

Elastase 

Proelastase 

Protease 

Hydrolysis of elastin from collagen fibers. 

Pancreatic lipase 

None (secreted as active 
form) 

Lipase 

Hydrolysis of neutral fats into fatty acids and monoglycerides. 

Cholesterol 

esterase 

Pro esterase 

Lipase 

Hydrolysis of cholesterol esters into cholesterol and fatty 
acids. 

Phospholipase 

Pro phospholipase 

Lipase 

Hydrolysis of phospholipids into fatty acids, glycerol, and 
phosphate. 

Ribo nuclease 

None (secreted as active 
form) 

Nuclease 

Hydrolysis of RNA into ribonucleotides. 

Deoxyribonuclease 

Prod eoxy ri bon u d e a se 

Nudease 

Hydrolysis of DNA into deoxyribonucleotides. 




UVER AND GALLBLADDER 


Liver Overview 

'The liver has a multi factorial role in human physiology. 

Aids digestion: Synthesis of bile acids. Mast of the bile produced by the 
liver is recycled; once absorbed through the ileum, it travels up the portal 
vein into the liver via entcroliepatic circulation. 

Serves as the first site of metabolism of ingested food absorbed from the 
small intestine. 

Maintains the body's blond chemistry. The liver is the site of many kev 
biochemical processes, such as gluconcogencsis and glycolysis. 

Stores excess sugar in the form of glycogen and triglycerides. Breaks down 
glycogen and produces glucose from triglycerides and amino acids when 
blood glucose levels are low. 

Gallbladder 

The gallbladder is the major site of bile storage. Upon eating, vagus nerve 
stimuli cause the gallbladder to contract and the sphincter of Royden to relax 
in order to allow for release of bile into tlie common bile duct. 

Bilirubin 

Bilirubin is a product of heme metabolism (see Figure 3-21). 



FLASH BACK 


Drugs absorbed by die small 
intestine are subject to "first-pass 
metabolism" by the liver. 



KEY FACT 


Functions of hepatocytes; 

■ Formation of bile and bile 
pigments 

■ Production of serum proteins 
(albumin) 

■ Uptake of chylomicrons 

■ Production of plasma 
lipoproteins 

■ Drug, vitamin, and hormone 
metabolism 

m Vitamin and mineral storage 















































































FIGURE 3 - 3 1 . Bilirubin pathway. 



Cholelithiasis (gallstones) 

are typically caused by excess 
cholesterol within the gallbladder. 
I hey can also result from 
precipitated calcium or bilirubin. 


In the Reticuloendothelial System (RES) 

The body produces approximately 250-30U ing of heme daily, chiefly from 
the breakdown of senescent RBCs. \ smaller portion comes from turnover 
of hepatic lietne, liemopmtrins, and premature destruction of RBCs in the 
hone marrow (an important clinical consideration with hematologic disorders 
involving intramedullary hemolysis). 

Normally, heme is oxidized to hilivcrclin by heme oxygenase, and then 
reduced to bilirubin by biliverdin reductase. 


In the Liver and Gallbladder 

Uncoil jugaled bilirubin (indirect bilirubin) is transported to the liver in 
the bloodstream bound to albumin, as it is insoluble al physiologic pf I. 
in the liver, hepatoevtes lake up bilirubin by carrier-mediated processes. 
It is then transported to the endoplasmic reticulum (KR) and conju¬ 
gated with glucuronic acid by bilirubin uridine diphosphate (UDP)- 
glucuronyl transferase. 

Conjugated bilirubin (direct bilirubin), now in a water-soluble form, is 
excreted into bile. 

Conjugated bile is excreted into the intestines and is not taken up by the 
intestinal mucosa. 
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In the Colon 

Normal gut bacteria hydrolyze the majority of conjugated bilirubin to an 
unconjugated form called urobilinogen (~80%^90% is excreted in the 
stool; ~ 1 D%—20% is passively absorbed in the terminal colon, where it 
enters the portal venous system and is recycled by the liver). 

In the Kidneys 

A small fraction of conjugated bilirubin is filtered by the kidney and 
excreted in the urine. 

Bile 

Produced by hepatocytes, bile is excreted into the bile canaliculL where 
it travels down the bile duets until it readies the hepatic and common bile 
duels. At this point, il is either excreted or stored in the gallbladder. Bile has 
two main functions: 

Helps to emulsify large fats, thus aiding in their absorption by the small 
intestine. 

Senes as a means of excretion of excess cholesterol and bilirubin, 

'There are several steps in bile synthesis (see Figure >-22): 

Priman' bile acids are synthesized in the liver from cholesterol. 
Cholesterol is first converted into cholic acid (crhenodcoxycholk 1 acid) 
and then conjugated with either glycine or taurine to form bile acids. 
These glycol- and tamo-conjugated bile acids acquire sodium to become 
bile salts so they can be secreted into the Cl tract. 

Bile is recycled in the ileum, where it is transported hack up into the hepa- 
locyles via the cnterohepatic cycle. 

Secondary bile adds arc the result of bacterial metabolism of priman' bile 
acids that have been recirculated via the cnterohepatic cycle. 

Composition of bile: 

Bile salts 

Phospholipids 

Cholesterol 

Lecithin 

Water 

Bilirubin 

Ions 



CLINICAL 

CORRELATION 


The kidney is unable to filter 
unconjugated bilirubin 

(urobilinogen); therefore, any 
bilirubin found in the urine indicates 
liver disease. 



Jaundice (icterus) is a yellowing of 
the skin and sderae due to elevated 
bilirubin levels. 

* Increased indirect bilirubin 

indicates excess hemolysis or 
severe liver damage. 

■ Increased direct bilirubin 

indicates a blockage of the bile 
ducts. 



KEY FACT 


Secretin stimulates the liver to 
produce bite. 



KEY FACT 


CCK — Primary stimulating regulator 
of bile excretion. 



KEY FACT 

L_____ 


Somatostatin = Primary inhibiting 
regulator of bile excretion. 


Mouth and Jaw 

Tumors arc the most common pathologic finding in the mouth. Smoking is 
the greatest risk factor for oral cancer 

Prcmaiignant lesions arc often difficult In identify since they lack the clas¬ 
sic characteristics of advanced cancer: pain, ulceration, induration, and 
cervical lymphadcnopatliy. 
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figure 3 * 2 2 . Bile formation. Solid lines into tlie cUuUihi r lumen indicate udive trans¬ 
port; dolled lines represent passive diffusion, \ Modified. with permission, from Dulierly CJM, 
\\ r iiv LVV, t.'r/nraf Stirgical Diagnosis tuifiTrtititntvni, I2tli eel, New York; MeGniw-l till, 2000: 
> 76 .) 


The most common malignant lesion is oral squamous cell carcinoma 
(SCC). Risk factors include chronic cigarette smoking and alcohol use. 

One difficult lask is distinguishing the prcmaliguunt lesion leukoplakia from 
more benign processes such as lichen planus and candidiasis, all of which 
present as white patches in the mouth, usually on the tongue. 

Leukoplakia (see Figure v2>) is squamous cell hyperplasia, which can 
develop into dvsplasia, card non la-m-situ. and invasive carcinoma. It can 
also be seen in inflammatory-conditions unrelated to malignancy. 

I lain leukoplakia is a distinct inflammatory- condition affecting immu¬ 
nocompromised patients (prc-AIDS-defining condition). 

Lichen planus is a self-limiting disease of unknown diology that causes 
classic Wickhams striae, which arc white lace-like pal terns mi top of pap¬ 
ules or plaques. 
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figure 5-23. Hairy tongue. Filiform hyperkeratoses of the papillae remit in a brownish 
coating on the dorsum of the tongue in thh 5 1-year-old cigarette smoker (Reproduced, with 
permission* from Wolff K, Johnson RA, Smmuoiid R, Fitzpatrick's Color Atlas Cr Syno/ws oj 
aimed Dermatology* 5th ed, New York: McGraw-lIilJ, 200>: 1019.) 


Oral candidiasis (see Figure 3-24) is essentially a yeast infection in the 
inniith; commonly seen in breast-feeding infants or inntiunocomproinised 
hosts. 

Characteristic pathologic findings and treatments are described in I able 3-9. 

Salivary Glands 

Sjogren's syndrome, an autoimmune condition, is the most notable dis¬ 
ease affecting the salivary glands. Other important conditions include sali¬ 
vary stones, benign and rnalignanl tumors, and infections such as mumps 
(depicted in Table 3*10). 



FLASH BACK 


CDC category ,J B" pre-AIDS—defining 

conditions seen in the mouth: 

* Hairy leukoplakia, an 
inflammatory condition caused 
by Epstein-Barr virus. 

* Oral thrush 

■ Herpetic stomatitis and herpes 
esophagitis: caused by herpes 
simplex virus. 



FIGURE 3-2 4, Oral candidiasis (thrush). E Nleusive cottage cfieese-like plaques.colonics 
of Candida that can be removed b\ rubbing with gati/c (pseudomembranous). on the palate 
mid uutkt of an individual with advanced ! JIV disease, hatches of erythema between t!ic white 
plaques represent erythematous (atropine) candidiasis. Involvement may extend into the esoph¬ 
agus and be associated with dysphagia. (Reproduced, with permission, from Wolff K. Johnson 
RA, Smumond R, Fitzpatrick's Color Alius O Synopsis ofCMtuciil Dermatology, 5lh ed. New 
York; Me Craw-Hill, 2005:725.) 










TABLE 3 - 9 . Most Common Pathologies Affecting the Mouth and Jaw 



Presentation 

Diagnosis 

Treatment 

Prognosis 

see 

Persistent papules, plaques, 
erosions, ufeers. 

Biopsy with 

TNM staging. 

Combination of surgery, 
radiation, and chemotherapy, 
depending on stage. 

Related to stage and often 
diagnosed at a late stage: often 
recurs, even if caught early. 

Leukoplakia 

White patches or plaques on 
oral mucosa. 

Biopsy, 

Surgery, cryotherapy ablation, 
carbon dioxide laser ablation. 

1%-20% of lesions will 

progress to malignancy in 10 

years. 

Melanoma 

Oral lesion with asymmetry, 
irregular borders, color 
changes, increasing 
diameter. 

Biopsy, 

Surgical resection with 
negative margins and 
radiation if negative margins 

are not obtained. 

Depends on stage, including 
tumor thickness and ulceration. 

Oral candidiasis 

(thrush) 

White plaque that can be 
scraped off. 

Confirmed with 

KOH prep. 

Nystatin mouthwash for 

7-10 days. 

Can be recurrent in the 

i mmu nocom prom ised. 

HSV-t herpetic 
stomatitis 

Vesicular lesions with 

erythematous bases. 

Multinudeated 
giant cells on 

Tzanck smear. 

Acyclovir, pain management, 

fluids. 

Will recur; some patients 
have success with chronic 
suppression. 

Aphthous ulcers Localized, shallow, round Clinical Symptomatic relief with oral 

ulcers with gray bases that presentation, analgesics, 

heal in 7-14 days, 
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Some patients have recurrent 
aphthous stomatitis. 
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Hallmarks of Sjogren's 
syndrome are dry eyes 

(keratoconjunctivitis sicca) and 
dry mouth (xerostomia) along with 
multisystem involvement, including 
skin, lung r heart, and kidney. 


Sjogren's Syndrome (Xerostomia; Keratoconjunctivitis Sicca) 

Cun occur independently or in conjunction with another autoimmune condi¬ 
tion, such as rheumatoid arthritis or systemic lupus erythematosus (SLE), 

The hallmark of this syndrome is lymphocytic infiltration of exocrine 
glands, most notably the salivary and lacrimal glands, resulting in the clas¬ 
sic findings of dry mouth and dry eyes. 

Diagnosis 

The presence of anti-Ro/SSA or anti-La/SSB antibodies is indicative of 
Sjogren s syndrome, 

Schirmcr’s test, which is a measure of tear production. 

Rose hcngal stain can also show areas of corneal or conjunctival epithelial 
cell damage* 

A salivary gland biopsy from the lip may show focal collections of 
lymphocytes. 



KEY FACT 


Patients with Sjogren's syndrome 
Iwe an increased risk of lymphoma. 


Treatment 

Symptomatic: Eve drops fur keratoconjunctivitis sicca and the use of sug- 
arless candy or lozenges containing malic acid to stimulate the production 
of saliva. 

Good oral hygiene and dental care due to an increased risk of dental car¬ 
ies, gum disease, and halitosis. May also help to prevent salivary' calculi, 
dysphagia, and oral candidiasis. 
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table 3 - 10 . Most Common Diseases of Salivary Glands 
EH0 LOGY/ PftES ENTAT1 ON 


Diagnosis 


Treatment 


Prognosis 


Mumps 

Para myxoma virus (parotiditis, fever, 
myalgias, headache, anorexia), and 
can cause orchitis. 

Positive IgM mumps 
antibody, rise in IgG 
titers, isolation of 
mumps virus. 

Symptomatic; analgesics and 
antipyretics, 

Vaccination; patients 
with meningitis or 
pancreatitis require 
hospitalization. 

Hypertrophy 

Can be caused by eating disorders 
(bulimia), kwashiorkor, alcoholism, 
and metabolic disease. 

Clinical observation. 

Treat underlying disease. 


Sialolithiasis 

(salivary 

stones) 

Submandibular glands; more 

common in men. 

Forms when saliva rich in calcium is 

stagnant 

Some association with gout and 
nephrolithiasis. 

Palpation of salivary 
ducts or imaging 
studies if not 
palpable. 

Conservative therapy- 
hydration (and sucking on 
candy to increase salivation), 
moist heat, massaging the 
gland, and milking the duct. 

Secondary infection; 

chronic sialolithiasis 
may indicate 
dysfunctional gland. 

Salivary 

gland 

tumors 

Risk factors: radiation and EBV 
Smoking has not been connected 
to malignant tumors, but is linked 
to benign papillary cystadenoma 
lymphomatosum. 

Most common tumor is 

pleomorphic adenoma (mixed 
tumor), affecting parotid glands. 

Fine-needle 
aspiration with TNM 
staging biopsy, CT, 

MRJ. 

Benign: Superficial or total 
parotidectomy. 

Malignant: Wide 
surgical margins, neck 
dissection, depending 
on level of involvement; 
chemotherapy. 

If malignant 20% 

recurrence rate after 5 
y; rare after 10-20 y. 
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ulatcs salivation and has side effects of sweating, abdominal cramping, and 
flushing* 


ESOPHAGUS 


Esophageal Atresia (EA) and Tracheoesophageal Fistula (TEF) 

The most common congenita) anomaly of the esophagus, often associated 
with TEF {connection between the trachea and esophagus). FA creates a 
blind pouch of esophagus because it does not maintain the tubular structure* 

There are several forms of EA, many with I FF (see Figure 3-25). Each type 
depends <>u the anatomy of the esophagus and the presence or absence of a 
fistula. 


KEY FACT 


!n the most common form of EA/ 
TEF, (type 111; see Figure Z-28C), the 
proximal esophagus ends in a blind 
pouch, while the distal esophageal 
segment demonstrates a proximal 
TEF. 


Presentation 

Depends on the type of EA/TEF: 

Neonates typically present very early with frothing and bubbling a I the 
nose and mouth as well as coughing, cyanosis, and respiratory distress 
exacerbated by feeding. 

Children who have TEF but no EA can present later in life with recurrent 
pneumonia from the aspiration of gastric contents. 


CLINICAL 

CORRELATION 


Maternal polyhydramnios 

develops as a consequence of EA. 
This is also indicative of duodenal 
atresia and Down's syndrome. 
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FIGURE 3*25, The five varieties of EA and tracheoesophageal fistula. (A) hulalcd EA. 
t B) KA will* tradicoL-sapEiagcal fistula between proximal segments of esophagus and trachea. 
(C) KA with tracheoesophageal fistula between distal esophagus and trachea, (D) KA with fis* 
tula between both proximal and distal ends of esophagus and trachea. (K) Tradieoesophagciil 
fistula without KA (Hdype fistula), (Modified, with permission, from Bnmicardi I X', Andersen 
DK P Billjar TR, Schwartz's Principles of Surgery, Sth ed f New York: McGraw-Hill, 20(15; 1481.) 


Diagnosis 

The diagnosis is confirmed by trying to puss a nasogastric tube into the stom¬ 
ach. If it does not pass easily, an anteroposterior chest radiograph will show’ 
the catheter coiled in the blind pouch. 

Distal TEF can he diagnosed by a gas-filled Cl tract on plain film. 

Treatment 

Surgical correction 

Long-term complications: Organ-related: GERD from intrinsic esopha¬ 
geal incompetence; surgical: anastomotic stricture and refistulization. 

Prognosis 

Depends on oilier associated chromosomal abnormalities (more complicated 
congenital malformations). 


CLINICAL 

CORRELATION 


Zenker's and epiphrenic types of 
diverticula are commonly associated 
with motor abnormalities of 

the esophagus, such as spasm, 
achalasia, and UES/LES hyperactivity. 


Esophageal Diverticula 

Saccular outpouching! that can be found in the esophagus just as they are 
found in Ihe colon. 

False (pulsion) diverticula: Mucosal layers protruding through the mus¬ 
cular is; most common type. 

True (traction) diverticula: Contains all layers of the esophageal wall; less 
common type. 

The three characteristic locations of the diverticula: 

Pharyngoesophageal (Zenker's; pulsion) diverticulum (see Figure >-26): 
Located immediately above the cricopharyngeus muscle of the UES. 
Midesophageal (traction) diverticula: Usually located in the middle third 
of the esophagus. They are usually associated with inflammatory 1 condi¬ 
tions such as TB. 

Epiphrenic (pulsion) diverticula: Located in the distal esophagus in the 
region of the LES. 
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figure 3*26, Large pharyngoesophageal diverticulum. Note origin m llu.- miclline 
(arrow, left) and compression of esophagus (brocket, right). (Reproduced, with permission, 
from Doherty CM. Wav LW. Curmr/ Surgical Diagnosis ami Treatment 1 —tli ed. New York: 
YlcGnrw-HrIl t 3M%m) 


Diagnosis 

Patients typically present in tlicit 60s, The earliest sign is transient dysphagia. 
As the pouch enlarges, more debris is retained and patients can aspirate, com¬ 
plain of gurgling or regurgitating undigested food, nr have a mass in the 
neck. The best diagnostic technique is a barium swallow. 

Treatment 

Surgical treatment depends on type and location. 

Traction diverticula rarely require surgical treatment, 
tor Zenker’s and epiphrcnic diverticula, surgical treatment includes division 
of I he crieopharyngcus muscle (Zenker s) and distal esophageal myotomy 
(cpi phrenic) with diverticulectomy. 

Perioperative morbidity may include meduistinitis* vocal cord paralysis, fis¬ 
tulas. and recurrence. 


Esophageal Varices 

Develop as a consequence of portal hiper tension. Venous dilation occurs in 
response to increased portal venous pressure {>12 mini Ig). Veins arc thinner 
walled in the distal esophagus and are thus more prone to bleeding. Variccal 
bleeding is an important cause of upper Cl bleeds in alcoholics and other 
people with cirrhotic livers. 

Diagnosis 

Via endoscopy; sometimes difficult lo detect during active variecal hemorrhage. 



KEY FACT 
I_ 


Portal hypertension leads to stasis, 
and the resulting increased pressure 
in the left gastric vein leads to 
esophageal varices. 


Treatment 

Current treatments include: 

Vasopressin: Vasoconstriction of mesenteric vessels, which decreases 
portal venous flow. Good for initial management, but does nut prevent 
reblccding. 

Somatostatin or octreotide: Inhibits release of vasodilating hormones 
(c.g., glucagons), indirectly causing vasoconstriction. 
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Difficulty in swallowing both solid 
and liquid food indicates a motility 
(neuromuscular) problem. 

Difficulty in swallowing solid 
food only indicates an anatomic 
(mechanical) problem. 



CLINICAL 

CORRELATION 


Differential diagnosis of distal 
esophageal narrowing includes 
esophageal cancer. 



Patients with difficulty swallowing, 
(especially those > 50 years), 
should undergo endoscopy to rule 
out cancer. 



KEY FACT 


Distinguish GERD from physiologic 
postprandial reflux by noting 
mucosal damage and nocturnal 
symptoms. 


Endoscopy: Definitive treatment, either sclerotherapy or variceal band 
ligation. 

Balloon tamponade can provide short-term hemostasis. 

Transjugular intrahcparic portosystemic shunt 

Achalasia 

Defined as "failure to relax/ 1 achalasia is characterized by: 

Aperistalsis (required for diagnosis). 

Incomplete relaxation of the LES with difficulty swallowing (often associ¬ 
ated, but not required for diagnosis). 

Increased resting tone of the LES (often associated, but not required for 
diagnosis). 

Achalasia can be due to primary (most common) or secondary- 1 causes. 

Primary achalasia develops as a result of the absence of ganglionic ceils 
in the myenteric plexus, which causes persistent contraction of the LES. 
thus leading to progressive dilation of the distal esophagus. 

Secondary achalasia occurs from any pathologic process that impairs 
esophageal motility. 

Chagas* disease (principal cause of achalasia in South America) devel¬ 
ops as a result of infestation with Trypanosoma cmzi, which destroys 
the myenteric plexus of the esophagus, duodenum, colon, and ureter. 
Achalasia-like conditions can occur with amyloidosis, sarcoidosis, or car¬ 
cinoma. 

Presentation 

Classically affects young adults, but also frequently affects infants or children. 
Presents with progressive dysphagia and frequent nocturnal regurgitation and/ 
or aspiration of undigested food. 

Diagnosis 

Clinical presentation (progressive dysphagia). Manometry will show normal 
or elevated resting LES pressure, decreased EES relaxation, and absence of 
peristalsis. Classic imaging findings associated with achalasia include: 

Dilated esophagus with distal bird-bcak-Iikc narrowing on barium swal¬ 
low imaging (sec Figure 3-27). 

Disorganized tertiary contractions of the esophagus during fluoroscopy. 

Treatment 

Distal esophageal myotomy with or wilhoul partial gastric fundoplicaiion, or 
endoscopic pneumatic balloon dilation. 

Gastroesophageal Reflux Disease 

Also known as reflux esophagitis, CFRD develops as a result of abnormal 
relaxation of the LES and/or delayed gastric emptying with increased pres¬ 
sure in the stomach Se.g., hiatal hernia or pregnancy). These abnormalities 
allow gastric contents to reflux into the esophagus, thus leading to esophageal 
injury, and if left untreated, chronic inflammation. 
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FIGURE 3-27, Bird-beak esophagus typical of achalasia, Aperistulsi-s of llur esophagus 
was present associated with smooth narrowing at the lower end of the esophagus (arrow), sug¬ 
gesting achalasia of Die esophagus. (Reproduced, itli permission, from Chen MYM, Pope 
TL OttDj, Basic Radiology, New York; MeCImw-! till, 2004: 258.) 


Diagnosis 

Symptoms of GERD include heartburn, witter brash {an acidic taste in llic 
mouth), dysphagia, hoarseness, globus sensation (lump in the throat), chronic 
cough (especially at night), anti regurgitation. Definitive diagnosis is estab¬ 
lished with endoscopic observation of mucosal changes. For some patients, 
pi [ monitoring may be required. A triad of histologic features indicative of 
mucosal inflammation is kev to a GFRD diagnosis: 

Eosinophils (advanced cases show neutrophils) 

Basal zone hyperplasia 

Elongation of the lamina propria papillae 


CLINICAL 

CORRELATION 


Adult-onset asthma is often 
associated with GERD. 


Treatment 

Lifestyle and diet changes {smoking cessation; avoidance of alcohol and caf¬ 
feine, fatty foods, acidic foods, spicy foods, and chocolate), antacids, and 
over-the-counter histamine ! L-blockers for heartburn. More advanced dis¬ 
ease requires pharmacologic acid suppression with histamine blockers nr pro¬ 
ton pump inhibitors, GERD usually improves wilh medication (80%-90% 
of cases). GERD that is incompletely controlled by medication and lifestyle 
changes can be treated surgicalh with gastroesophageal fundoplicatiun (Nis- 
sen fundoplication). 


Prognosis 

Long-standing reflux can predispose to Barretts esophagus, which can ulti¬ 
mately develop into adenocarcinoma of the esophagus (see Figure 3*28)- 
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FIGURE 3-28. Progression from gastroesophageal reflux disease to Barrett’s esophagus 
and adenocarcinoma. 


Barrett's Esophagus 

A precanecrous lesion of the distal esophagus and a complication of long¬ 
standing OKRD. It occurs when esophageal mucosa undergoes metaplasia 
from squamous to specialized columnar cells containing goblet cells {i.c., 
intestinal metaplasia; see Figure 3-29). Gastric-type columnar cells may be 
present, but are not diagnostic of Barrett’s esophagus. Incidence is highest in 
white males. 

Presentation 

Patients -40-60 years old with a history of several years of symptomatic GERD. 
Advanced cases may present with progressive (weeks to months) dysphagia for 
solids, weight loss, cough, and/or regurgitation/aspiration (worse at night). 



FIGURE 1-29. Histology of esophageal adenocarcinoma associated with Barrett's 
esophagus. I figh-grade dysplasia with early mtruinnemal carcinoma, (linage courtesy of PK1R 
Digital Li brim [ http://pm.netl) 




















Diagnosis 

Based on endoscopy and biopsy findings: 

Endoscopy: Red, velvety G1 mucosa extending upward from Ike gastroe¬ 
sophageal junction, in contrast to the normal pale pink squamous epithe¬ 
lial mucosa of the esophagus. 

Biopsy: Intestinal-type goblet cells in the columnar mucosa of the 
esophagus. 

Treatment 

Regular endoscopic surveillance for at-risk patients along with aggressive 
medical or surgical treatment of GFRD. Patients with Barrett's esophagus and 
high-grade dysplasia typically undergo esophagectomy due to the high risk of 
esophageal cancer. 

Prognosis 

Complications of Barretts esophagus include strictures, peptic ulceration, and 
the potential for malignant transformation into adenocarcinoma. 

Esophageal Cancer 

The incidence varies greatly, depending on geographic region, suggesting 
environmental causative factors, hi the United States, it is more common in 
blacks than whites, males, and those with lower socioeconomic status. 'There 
are two major types: 

SGC: Linked to smoking, alcohol consumption (liquor > beer), nitrites, 
smoked opiates, fungal toxins, radiation, and lyc exposure. 

Adcnocnrcioma: A result of chronic CKRD leading to intestinal metapla¬ 
sia of stratified nonkeratinized esophageal epithelium (Barrett’s esopha¬ 
gus), which leads to dysplastie changes in the columnar epithelium and 
adenocarcinoma (see Figures T2 1 )). 

Presentation 

Typically. SCC appears in the upper and middle esophagus, while adenocar¬ 
cinoma appears in the lower esophagus. Most common presenting symptoms 
are dysphagia and weight loss. The disease is usually incurable once dysphagia 
is present, as > 60% of the esophageal circumference is involved. Other symp¬ 
toms include odynophagia, emesis, and aspiration secondary to tracheoesoph¬ 
ageal fistula formation, 

i Gancer typically spreads locally to surrounding tissue, lymph nodes, 
lungs, liver, and pleura. 

Diagnosis 

Periodic screening endoscopy is recommended in high-risk patients with 
biopsy of suspicious lesions, 

Contrast radiography: Identifies esophageal strictures, ulcerations, arid 
mucosal abnormalities with a ragged, ulcerated appearance (see Figure 
>-30). However, only high-grade lesions are seen with this approach. 

Treatment 

Esophagectomy for potentially curable lesions with or without preopera¬ 
tive chemotherapy and radiation therapy. Palliative treatment for symptom¬ 
atic advanced-stage lesions (.stricture balloon dilation and esophageal stent 
placement). 
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FIGURE 3-30. Radiographs of the two most common types of esophageal carcinoma. 

h'uiigiiting (left i jntl annular Enghtj, (Reproduced, with permission, from Hotierty CM, Way IAV, 
Cwmmf Surgical Diagnosis and Treatment. 12th ctl, New York: McGraw-Hill, 2006: 470.1 


Prognosis 

Tumor resection, chemotherapy, and radiation therapy are used in some 
patients to reduce tumor burden, but these are rarely curative. Survival rate 5 
years after diagnosis is around 25%, 


STOMACH 


Gastritis 

Gastritis is an inflammation of the gastric mucosa. Depending on the cause, 
type, and duration of inflammation, it can be subdivided into acute and 
chronic types. 



Gastritis 

■ Acute erosive gastritis is a major 
cause of hematemesis. 

m Excessive NSAfD use and 
excessive alcohol use are 
common causes of hemorrhagic 
gastritis. 

* All forms of chronic gastritis 
confer an increased risk of 

gastric adenocarcinoma, 

■ Type B results in increased risk 
of mucosa-associated lymphoid 
tissue (MALT) lymphomas. 


Acute Gastritis 

Acute, transient mucosal damage with mucosal edema and inflammation (sec 
f igure VJl). The injury might erode the mucosa and affect underlying epi¬ 
thelium, in which case hemorrhagic gastritis develops. Most common causes 
include: 

NSAID overuse 
Alcohol consumption 

Cushings ulcers associated with head trauma 
Curling's ulcers associated with burns 
Uremia 

Stress-induced gastritis: Hemoccult-positive stools and visible changes on 
endoscopic examination of the stomach. 

Chronic (Atrophic) Gastritis 

Continuous inflammation of the gastric mucosa leads to mucosal atrophy and 
epithelial metaplasia (hence “chronic” and "atrophic”). Based on flic location 
of the injury and the causative agent, chronic gastritis is divided into types A 
and B. 
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FIGURE 3-31. Acute erosive gastropathy, showing multiple gastric ulcerations. On bi¬ 
opsy, there would be evidence of mucosal damage hut no neutrophils or lymphocytes. (Image 
courtesy PKIR Digital Library (htlp://pcir.nct]d 


Type A: Affects the fundus and body of the stomach (see f igure v^2) 
and spares the antrum. Typically secondary to pernicious anemia (also 
known as autoimmune gastritis). It is associated with antibodies to the pari¬ 
etal cells {specifically targeting H". K + -ATPasc) and to the IK It leads to 
achlorhydria with consequent hypergustrinemia. 

Type B: Antral predominant, sparing lire fundus and body, Typically sec¬ 
ondary' to chronic Helicobacter pylori infection. 



FLASH BACK 


Mucosal damage develops due to 
the erosive nature of ammonia, 
which is b product of urea degraded 
by the urease produced by H. pylori. 


Presentation 

Abdominal pain, dyspepsia, and visual changes noted on endoscopic inspec¬ 
tion do not reliably correlate with the histopathologic diagnosis of gastritis. 

Diagnosis 

Can only be confirmed histologically (biopsy). 

Diagnosis of H. pylori infection is based on biopsy (will show gram-nega¬ 
tive rods), urease breath test, and stool and serum antigens (see the sec¬ 
tion on peptic ulcer disease [PUD]for further discussion). 



Decreased availability of IF in 
autoimmune gastritis ultimately 
leads to pernicious anemia. 



figure 3-32. Type A chronic gastritis with changes mainly in the fundus of the stom¬ 
ach. (Image courtesy of PEfR Digital Library' [http://pcir.net]*) 
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Pernicious anemia is always suspected in patients with megaloblastic anc* 
mia, chronic neurologic changes, and an abnormal Schilling test 

Treatment 

Aimed at treatment of the sequelae, rather than the causative agent. 

For treatment of H. pylori , see the section on PUD. 

Patients with pernicious anemia need parenteral vitamin Bp supplemen¬ 
tation. 

Proton pump inhibitors arc normally given to patients in the ICU or those 
who have suffered head trauma or burns as prophylaxis against acute ero¬ 
sive gastritis. 


Menetrier's Disease 

1 (yperplnsia of mucus-secreting cells resulting in mgal hypertrophy and hypo- 
protcinemisi* Also causes atrophy ol parietal cells* thus resulting in achlorhy¬ 
dria. Patients arc at risk for adenocarcinoma. 

Peptic Ulcer Disease (PUD) 

Ulcer formation in the stomach or the firs! purl of the duodenum is secondary 
to mucosal disruption. 

Gastric mucosal cells secrete mucus with large quantities of bicarbonate in 
order to maintain a pH of 6-7 around the epithelial cells* in contrast to the 
pi I of 1-2 in the gastric lumen. When the mucus layer is breached* either by 
drugs* bacteria* or systemic disorders, epithelial injury occurs and ulcers can 
form. 

Gastric Ulcers 

1 <ess common and occur later in life. Typically develop along the lesser curva¬ 
ture, in the antral and prepyloric regions. Malignant transformation is more 
common than with duodenal ulcers. They are primarily caused bv IF pylori. 
Basal and nocturnal acid secretion h hpically normal to decreased. 

Duodenal Ulcers 

More than 95 % occur in the first portion of the duodenum. Ulcers arc typi¬ 
cally greater than 1 cm in size, and malignancy is extremely rare. Basal and 
nocturnal acid secretion tends to be increased. NSAlDs and H. pylori arc also 
associated risk factors. 

Flic gross appearance is a clean, sharply demarcated ulceration (see Figure 
3-33), and unlike ulcerated cancers, the edges arc only slightly elevated. 

Presentation 

Burning* gnawing epigastric pain is typical but not specific for this diagnosis 
(sec 'Fable 5-11). 

Patients with duodenal ulcers tend to give a history of pain 2-3 hours 
after meals that is relieved with food. 

Patients with gastric ulcers have increased pain with food, as well as nau¬ 
sea and weight loss. 

On physical exam, patients can have tenderness to palpation in the epigastric 
region. Abdominal rigidity and peritoneal signs arc concerning for perfora- 
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figure 3*33. Gastric ulcer. Note sharply dr ma rented edges, clean lwse. and minima! 
elevation of the edges. (Image courtesy of PETR Digital Library |li!lp //prir.nel . ■ 


lion (most common with duodenal ulcers), which can lead to peritonitis. 1 he 
most common complication is upper Cl bleeding and presents as inelcna or 
hemalcmesis. 


Diagnosis 

In addition to the ralher nonspecific history and physical exam; 

Contrast radiography can show defects in the gastric and duodenal epi¬ 
thelium caused by ulcers, although small erosions are typically missed 
H pylori must also be excluded, as a large number of cases arc second¬ 
ary to this common bacterium, 'lests include scrum antibodies (not 
useful in confirming successful treatment), stool antigen (useful in 
confirming eradication), urease breath test, and biopsy of tissue via 
esophagogastroduodenoscopy. 



Perforated duodenal ulcer often 
presents with epigastric pain 
radiating to the left shoulder as welt 
as with air under the diaphragm. 


TABLE 3-ll, The Most Common Characteristics of PUD 

iiiiiKiBdliiPiPnmBAlUiiinlvirviMi nimU)iiiiinwUliH8niinTT^iimi|tl4q|mniirinTnii(firi«|imni n»iniui(ninwi"> 

Gastric Ulcer Duodenal Ulcer 


Percentage 

25%. 

75%. 

Common 

causes 

Helicobacter pylori (-80%), NS AID 

use. 

H. pylori (90%-95%), NSAID use. 

Presenting 

symptoms 

Pain with food. 

Pain 2-3 h after meals and relived 

by food. 

Complications 

Perforation, bleeding, malignancy, 
gastric outlet obstruction. 

Perforation, bleeding, gastric outlet 
obstruction, pancreatitis. 

Malignancy 

10%. 

Rare, 

Location 

Type-dependent; typically lesser First portion of duodenum. 

curvature. 


curvature. 
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Treatment 

It secondary to chronic NSAID use, the medication should he discontinued or 
limited, lifestyle changes such as discontinuing alcohol and tobacco are also 
helpful if ulcers are thought to be secondary lc> these drugs. I f. pylori should 
he treated it the patient is found to he infected. 

One well-accepted current treatment recommendation is clarithromycin 
+ amoxicillin + PPI ± bismuth subsalicylate for 10-14 days, 
f or gastric ulcer, biopsy should be performed at the margin of the ulcer to 
rule out malignancy. 

Gastric Cancer 

Gastric cancer is a malignant tumor that is the second most common cause nf 
cancer-related death worldwide, Histologically, about 85$ arc adenocarcino¬ 
mas, w hile the remaining 15$ are lymphomas and leiomyosarcomas. 

Adenocarcinoma 

There are two types of adenocarcinoma: 

Intestinal type: Thought to arise from the intestinal metaplasia of gastric 
mucosal cells. Lesions arc typicalU ulcerative and occur in the antrum 
and lesser curvature (see Figure 5-34). Risk factors are a diet high in salt 
and nitrates, H. pylori colonization, and chronic gastritis. 

Diffuse type: Cells lack normal cohesion, resulting in an infiltrating, 
discrete mass in the stomach wall. They are more common in younger 
patients, involve all portions of the stomach, and result in decreased motil¬ 
ity, hence, I lie term 1 in ills plasiica or ‘leather bottle” appearance. 

Krukenberg’s tumor is a diffuse ty pe of gastric metastasis to the ovaries 
with signet ring histology (sec f igure 5-55}. 

Primary Gastric Lymphoma 

The stomach is the most common extra nodal site for lymphoma formation, 
often associated with H. priori infection. Histology' ranges from low-grade 
(MALI lymphomas) to high-grade large cell non-Hodgkin's lymphomas. 

Presentation 

/Asymptomatic until metastasis or incurable extensive growth Ims occurred. 
Advanced cases present with insidious upper abdominal pain, postprandial 
fullness, early satiety, weight loss, and nausea. 



FIGURE 3-34. Advanced gastric cancer, intestinal type, showing typical raised margins 
and ulcerated base. \ .Imago cmirlcw of F) 1K Oigibil Library jlittp^Jpcir.ncL}.) 









FIGURE 3-35. Primary signet ring neoplasm in mucosa. I l&E stain.,Image courlesv of 
PEIR Digital Library |http://peir*uetj.) 


Typically spreads locally to adjacent organs (direct extension to porta 
hepatis and transverse colon) and peritoneum. 

Metastascs to the left supraclavicular lymph node produces palpable 
lymphadcnopathy {Virchows node). 

Hematogenous dissemination to the ovaries (Krukenberg s tumor). 
Mctastases to the umbilicus produce Sister Mary Jose ph’ s sign. This diag¬ 
nosis should also be suspected in patients with acanthosis nigricans as well 
as multiple outcroppings of seborrheic keratoses (Leser-Trclat sign). 

Diagnosis 

Double-contrast radiographic examination and CT scan imaging (sec I ’igtire 
>->6) can identify very small lesions. Lack of distention is also a clue to dif¬ 
fuse-type gastric cancer. Definitive diagnosis is established based on biopsy. 



FIGU R E 3-36. Adenocarcinoma of the stomach, diffusely infiltrative type, also known 
as limtis pfastka. Wall thickening bulb an adequate]} distended gastric Imncn) and Um of (lu 
normal ragal fields may be seen on CH imaging. 1 lie abnormally thickened wall may exhibit 
enhancement aftercontrast administration. (Image courtesy of PKIR Digital Library [http:// 
peir.net].) 






236 


CHAPTER 3 



Treatment 

Surgical resection of involved gastric tissue and adjacent lymph nodes, along 
w ith radiation and chemotherapy. 

Prognosis 

Prognosis for patients with adenocarcinoma is poor (5-year survival rate is 

10%_20X). 

Prognosis tor patients with primary gastric lymphoma is somewhat bet¬ 
ter (5-year survival rate is 40%-(i(,)%). R pylori antibiotic therapy is often 
enough to treat MALT lymphomas, while subtotal gastrectomy with che¬ 
motherapy and radiation is used for higher-grade lymphomas, 


SMALL AND LARGE INTESTINE 



CLINICAL 

CORRELATION 


Steatorrhea is defined as stool 
fat content > 6% of dietary fat 
intake (not seen with pernicious 
anemia or lactate deficiency). 


Malabsorption Syndromes 

This group of disorders is characterized by decreased intestinal absorption 
of certain essential nutrients and chronic diarrhea with steatorrhea with con¬ 
secutive systemic effects, such as weight loss and specific vitamin and mineral 
deficiencies, particularly the lipid-soluble vitamins A, D, K, and K. 

Underlying pathophysiologies include: 

Pancreatic deficits (lack of lipase). 

Damage to the intestinal mucosal surface (surgical resection or pathologic 
insult to the intestinal villi). 

] Ter deficiencies (inadequate bile salt production, abetalipoprotcineinia). 
Decreased intestinal transit time. 

The sped mm of malabsorption syndromes includes celiac sprue, lactate defi¬ 
ciency, Whipples disease, tropical sprue, short bowel syndrome, bacterial 
overgrowth syndrome, protein-losing enteropathy, pancreatic failure, and per¬ 
nicious anemia. 

Presentation 

Slightly different for each disorder. 1 [owever. in general, patients have chronic 
diarrhea or steatorrhea with an increased stool osmotic gap. 

Diarrhea is classified as either secretory (c.g., cnlcrepathogenic Escherichia 
coli) or osmotic (malabsorptive syndromes). To differentiate between the two 
types: 

Initiate a 24-hour fast (secretory diarrhea continues; malabsorptive diarrhea 
typically slops). 

Calculate the stool osmotic gap: |2 x (Na s|oo j + K^j)] - calculated stool 
osmolality. 

Osmotic gap> SO and presence of steatorrhea indicates malabsorption. 
Osmotic gap < 50 means that diarrhea is likely inflammatory or 
secretory. 


Celiac Sprue (Gluten-Sensitive Enteropathy) 

Autoimmune enlitv with antibodies against the water-insoluble gliadin trac¬ 
tion of gluten, a protein found in wheat, barley, rye, and oats. Age at pre¬ 
sentation varies, hut it classically occurs in infants during the time of cereal 
introduction. 








CHAPTER 3 237 



FIGURE 3*37. Dermatitis herpetiformis seen In celiac sprue, manifested by pruritic, 
grouped vesicles in a typical location, llie vesicles are often excoriated ami may occur on the 
knees, buttocks, and poster!or scalp, (Reproduced, with permission, from Kasper DL Braun- 
tvald li. Fauci AS, et a I., ed$, Harrisons Principles of Internal Medicine. 16th ed. New York: 
McGraw-Hill. 2005:287,) 


Symptoms can be: 

Mild: Single vitamin deficiency and chronic diarrhea. 

Severe: Characteristic chronic diarrhea with steatorrhea and pale, 
bulky. Foul-smelling stools; multiple vitamin and mineral deficiencies; 
weight loss; growth retardation; and failure to thrive. 

Associated with dermatitis herpetiformis (see Figure 3-37). 

In 80%-90% of cases, association with the human leukocyte antigens 

(HLA)-B8 or HIA-DW3. 

Classic pathohistologic findings: Mucosal inflammation, villous atrophy 
(flattening)'! and crypt hyperplasia (see Figure 3-38), Primarily affects the 
duodenum and jejunum. 



FIGURE 3*33. Total villous atrophy in a case of celiac disease. Note (lie tint surface 
epithelium without villi. The surface epithelium also appears more cuhoidul, with less cyto¬ 
plasmic mucin than h normal, tire hypereel hilar appearance of the surface epithelium is due 
to the presence of numerous intraepithelial lymphocytes (v isible only at higher magnification), 
(Reproduced, with permission, from Chandra soma P, Tavlor OR, Concise JWAofogv, 3rd cd. 
New York: MrCmw-l till, 2004,) 
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KEY FACT 


Less common disaccharidase 
deficiencies are sucrase (table 
sugar) and trehalase (sugar found 
in mushrooms) deficiencies. 


DJSACCHARIDASE DEFICIENCY 

The most common entity involves lactase (a brush border enzyme) deficiency 
and presents as dairy intolerance, li is rare as an inborn error* but is common 
during adullhood as the lactase present in (he immature brush border dis¬ 
appears* thus causing acquired lactose intolerance. There are no intestinal 
changes. 


CLINICAL 

CORRELATION 


In HIV-positive patients with 
CD4+ count < 100/jiL Whipple's- 
like syndrome may develop. It is 
caused by Mycobacterium avium 

and visualized with add-fast satin. 


Whipple's Disease 

Malahsorptive syndrome with associated systemic symptoms secondary to 
infection by the gram-positive organism Tropheryma whippetii. 

Symptoms: Typical makbsorptive symptoms along with systemic signs of 
infection with fever, polyarthralgias, and generalized pain* Can affect mul¬ 
tiple organ systems. 

Pathohistologie findings: Distended lamina propria of the small inicsline 
filled with distinctive periodic acid-Schiff (PAS)-positive macrophages 
with pale, foamy cytoplasm. 

T, whippelii is best visualized with electron microscopy. 

Other malabsorption syndromes (sec Table M2) include but are not limited 
to tropical sprue, abetalipoproteinemia, and intestinal lymphangiectasia* 

Diagnosis 

Based on clinical findings (sec Tabic 3-12) and biopsy (where indicated). 

In celiac sprue, anti-gliadin, and anti-endomysial antibodies have 90%- 
95% sensitivity and specificity, and in combination with resolution of 
symptoms following the elimination of gluten from the diet, one may com¬ 
fortably make the diagnosis without mucosal biopsy. 


Treatment 

Disease-specific (see Table 3-12): 

Celiac sprue: Elimination of gluten-containing Foods from the diet is 
curative in 90% of cases. Remaining patients can be treated with steroids, 
which typically improve symptoms, 

Whipple's disease: Also treated with antibiotics doe to bacterial origin. 
Drug of choice is double-strength trimethoprim-sulfamethoxazole for ! 
year. 

Disaccharidase deficiency: Avoidance of offending disaccharide or oral 
enzyme supplements such as lactase* 


Diverticular Disease 

Diverticula can be either congenital (involving the entire thickness of the 
involved segment) or acquired (mucosal herniation through the muscular 
layer). Diverticula can occur anywhere m the Cl tract, including the esopha¬ 
gus (Zenker's diverticulum), small bowel (Meckel's diverticulum), or colon. 

Divcrtieulosis is the condition of having diverticula, typically implied as being 
colonic. 

Diverticulitis results when the diverticula in question become infected. 
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table 3-12. Overview of Malabsorption Syndromes 
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Syndrome 
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Morphology 
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Clinical Manifestations 
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Treatment 

Celiac sprue 

Gluten-sensitive enteropathy. 

Biopsy: Mucosal. 

Inflammation, villous atrophy, and 
crypt hyperplasia. 

Can be diagnosed with anti-gliadin 
and anthendomysial antibodies. 

Diarrhea, vitamin/mineral 
deficiency, dermatitis 

herpetiformis rash. 

Avoid gluten-containing 
foods such as wheat, barley, 
rye, and oats. 

Steroids (in - 10% of 
patients). 

Tropical sprue 

Unknown occult tropical bacteria. 

Diarrhea, steatorrhea, weight loss, 

folate deficiency. 

Tetracycline for 6 months. 

Whipple's disease 

Caused by gram-positive bacterium 
Tropheryma whlppellL 

Flat, blunt villi. 

Foamy macro phages (PAS- 
posftive), found in lamina propria. 

Fever, poly arthralgias, weight loss, 
diarrhea, abdominal pain. 

Trimethoprim- 

sulfa methoxa to le for 1 y. 

Disaceharidase 

deficiency 

Enzyme deficiency that causes 
malabsorption. 

Chronic diarrhea. 

Avoid offending foods. 

Abeta 1 ip o prot ei ne mia 

Congenital tack of apolipoprotein-B- 
autosomal recessive. 

Steatorrhea, acanthotic 
erythrocytes, serum lipid 
abnormalities, ata*ia, atypical 
retinitis pigmentosa. 

Medium-chain triglycerides, 
vitamin E and fat-soluble 

vitamins. 

Intestinal 

lymphangiectasia 

Ectatic lymphatics; either sporadic or 
secondary to cardiac disease. 

Nausea, vomiting, intermittent 
diarrhea, and occasionally 
steatorrhea. 

Peripheral edema From 
hypoalbuminemia. 

Low-fat, high-protein, 
medium-chain triglyceride 

diet 


... ;« ... ^•., l i'ii»ijiiitriH|iir||i|)titii 


Meckel's Diverticulum 

Congenital and Iruc diverticulum (sec Figure 3-39) of the terminal ileum that 
resulls from incomplete closure of the omphalomesenteric duct, found in 
approximately 2% of the population, - 60 cm (2 ft) from the ileocecal valve, 
and normally 2 inches long. Mucosa can he ileal (50% of cases), gastric, pan¬ 
creatic, duodenal, or colonic. 

Presentation 

Typically asymptomatic and discovered incidentally (patients are typically < 5 
years of age). 

Diagnosis 

Abdominal pain can result from intussusception or volvulus. 

Bleeding may result from ileal peptic ulcer formation in those w ith gastric 
mucosa. 

If gastric mucosa is present, a Meekers scan may he performed by IV 
injection of technetium-99 (^Te), which is taken up by the parietal 
cells of the ectopic gastric mucosa. 




MNEMONIC 


For Meckel's diverticulum, re¬ 
member the rule of 2s: 

2 inches long 
2% of the population 
2 feet from the ileocecal valve 
2% are symptomatic 



Meckel's diverticulum can be 
complicated by Meckel's 
diverticulitis. The most common 
presentation in children is lower Cl 
bleeding. 
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figure 3-39. Smooth, saccular structure of the distal small bowel consistent with a 
Meckel's diverticulum. Differential dtof’tiosiv Benign ulcers oft lie small bowel are tare, and 
ulcerated malignandes are usually irregular in appearance. < Reproduced, with permission, 
from Chen MYM, Pope TL Oil DJ. Rt/.viV Radiology, New York: MeCr.w-flilk 20CH: 266,) 


Treatment 

Once symptoms occur, surgical excision is curative. 



KEY FACT 


Divert toil os is is the most common 
cause of painless hematochezra 

in patients > 60 years old. 


Diverticulosis 

nivciticutosis is acquired (pulsion) multiple diverticula (sec Figure 5-40) 
found at the origin of a mesenchymal feeder artery, and typically located in 
the sigmoid colon. It is thought to be secondary to increased luminal pressure 
caused by a low-fiber diet, which leads to increased colonic muscular contrac- 
tions required to move stool. Incidence increases with age in Western popula¬ 
tions, occurring in almost 50% of adults > 50 years of age. 


CLINICAL 

CORRELATION 


Diverticulosis may lead to formation 

ot colonoveskal fistula that can 
lead to pneumaturia (air in the 
urine). 


Presentation 

Typically asymptomatic and discovered incidentally on colonoscopy, abdomi¬ 
nal CT scan, or barium enema. Massive bleeding can occur with diverticulo¬ 
sis secondary to vessel erosion in diverticula. 

Diagnosis 

As noted earlier, it is an incidental finding, unless massive bleeding occurs, in 
which ease colonoscopy is performed {to directly visualize the diverticula), in 
addition to mesenteric angiography or lagged RBC scanning. 


TflEflJMENr 

Unless there is associated bleeding, no treatment is necessary. 

High-fibcr diets arc typicalh suggested in order to increase stool hulk and 
decrease colonic intraluminal pressure. 
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FIGURE 3 * 4 Q» Diverticutosis of sigmoid colon on barium enema. (Reproduced, vvitli 
permission, from Bnmicardi FC, Andersen DK, Rillktr TR, el al, r Schwartzs Principle* of S iir- 
gar\\ Ktli ed t New York* McGraw-Hill, 2005: 1082.) 


Diverticular bleeding is managed with fluid repletion and transfusion as 
necessary. With most mild to moderate eases, bleeding resolves spontane¬ 
ously. (~ 80% of cases). 

Severe cases can be treated with vessel cauterization or clipping during 
colonoscopic visual ization. 

Mesenteric angiography h both diagnostic and therapeutic, as vasocon¬ 
striction and artificial blood clot formation can be induced. 


Diverticulitis 

Most common complication of diverticutosis, due to: 

Infection thought to be secondary to an impacted fecal it h, resulting in 
lymphatic obstruction and localized ischemia, which can lead to bacterial 
overgrowth. 

Diverticular rupture, which, if contained, results in abscess formation. If 
the rupture is uncontamed, generalized peritonitis may occur. 

Presentation 

Patients with diverticulitis typically present with LLQ abdominal pain, guard¬ 
ing, or peritoneal signs (rebound lender ness), as well as leukocytosis, fecal 
leukocytes, and fever. Constipation or obstruction may develop secondary to 
localized swelling. 


I 


CLINICAL 

CORRELATION 


Typical presentation of diverticulitis 
is similar to the symptoms of "left¬ 
sided appendicitis" 


Diagnosis 

Care must be taken when obtaining imaging studies due to the risk of diver¬ 
ticular perforation during acute infection. Therefore, barium enema and 
colonoscopy are contraindicated. 
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Abdominal CT scan can be used to assess for diverticular inflammation as 
well as pericolic abscess formation. 

An upright abdominal plain film should also be obtained to rule out free 
peritoneal air, which would suggest perforation. 

Treatment 

When there are no signs of perforation, treatment is bowel rest, pain manage¬ 
ment, fluid resuscitation, and broad-spectrum antibiotics. Surgery is required 
for signs of perforation as well as for drainage oflarge abscesses. 


I 


? 


CLINICAL 
CORREI AF10N 


Secondary causes of 
intussusception; 

■ Intestinal lymphomas 

• Meckel's diverticulum 

■ Vascular malformations 

■ Intestinal polyps 


Intussusception 

A condition that develops as a resull of distal "telescoping” of a portion of the 
proximal bowel into a marc distal one {see Kigurc 3-41). Most common at the 
ileocecal junction. 

Children < 2 years of age account for about 80% of cases. It is the most 
common abdominal emergency in infants and the second most common 
cause of obstruction (after pyloric stenosis}. 

The majority of cases are idiopathic, although there is a seasonal and clini¬ 
cal relationship to certain viral infections, particularly rotavirus. 
Remaining cases are secondary and occur when a proximal "lead point" is 
pulled into the distal segment In peristaltic contractions; most commonly 
found in adults, in which case cancer must he ruled out 

Presentation 

When the proximal bowel invagiiiates into the distal segment it brings its 
attached mesentery with it T leading to lymphatic obstruction, swelling, and 
decreased perfusion of the affected bowel. 

Symptoms consist of sudden ousel of episodic, cranvpy, severe abdominal 
pain lasting 10-20 minutes, followed by relatively symptom-free periods, 
tmesis and nausea can occur during these episodes, 
l lie classic triad is pain, palpable sausage-shaped mass, and currant-jelly 
stools, although all three symptoms are not typically present at one time* 



FIGURE s - 4 1 . Gross specimen showing intussusception with overlying swelling and 
ischemic changes, {image courtesy of PKIR Digital Library [hltp://pdr.nd|,) 
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Diagnosis 

Arr and barium enemas are both diagnostic and therapeutic in most cases. 

On abdominal plain film, a filling defect in the large colon is diagnostic. 
Abdominal ultrasound can also he used to visualize the intussusception, 
revealing a bull’s-eye or coded-spring pattern due to imagination of the 
proximal segment. 

Treatment 

As mentioned, nonsurgical means are attempted first (air or barium enema). 
Surgery is indicated if air or barium enema fails or if perforation occurs. 

Hirschsprung's Disease (Congenital Megacolon) 

Hirschsprung's disease (HD) is characterized by complete functional obstruc¬ 
tion of the large bowel due to the absence of ganglion cells of both the sub¬ 
mucosal and myenteric neural plexuses. 

Aganglionic bowel always involves the anus and then progresses proxi- 
mally to varying degrees (the most severe disease involves the entire colon 
and even some small intestine). 

Obstruction leads to the characteristic dilation of I he bowel proximal In 
the aganglionic segment, hence, the name congenital megacolon. 

Several genetic imitations have been associated with HD, the most com¬ 
mon of which is the RET proto-oncogene. 

HD has also been associated with Down’s syndrome, Waardenburg’s syn¬ 
drome, cardiac defects, and several other congenital conditions. 11D 
occurs in about l:S()0f) live birlbs, with a malcTemale ratio of 5:1 or 4:1. 

Presentation 

Tvpically presents in a newborn with failure to pass meconium within I lie first 
4S hours of life. Other symptoms of bowel obstruction can be present, such as 
bilious vomiting and abdominal distention. In less severe cases, HD can pres¬ 
ent as chronic constipation in an adolescent or young adult. 

Diagnosis 

Rectal biopsy is considered the gold standard for diagnosis and will reveal 
the absence of ganglion cells in the rectal tissue. 

barium enema can suggest the diagnosis and will show severe dilation of 
the proximal colon that abruptly narrows into the aganglionic distal colon. 

Treatment 

Surgical correction, ’[’lie aganglionic section is resected and the normal bowel 
is connected to the anus. 



KEY FACT 


In HD, the aganglionic section of 
bowel corresponds to the narrowed 
narrowing segment, while the dilated 
portion of bowel is structurally 
normal. 



KEY FACT 


In achalasia, it is the dilated portion 
of esophagus that lacks ganglia, 
while the narrowed portion is 
structurally normal. 


CLINICAL 
W CORRELATION 


Early differential diagnosis of HD 
includes CF, which may present 
similarly. 


INFLAMMATORY DISEASES OF THE COLON 


B\ definition, colitis is an inflammation of the colon. Based on the etiology, 
there arc several types of colitis, of which we address the most common. 

Crohn's Disease (CD) and Ulcerative Colitis (UC) 

These are two major idiopathic types of IBDs (see Kigures v42 and V43). 
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FIGURE 3-42, Crohn's disease. Segmental (' I > of the I raimme and deseemli i*g p* n\ i< ii is 
of the colon, s3iov\ inp; multiple deep ulcers projecting from the margins of the affected colon, 
ami small apltflurid ulcers appearing like erosions seen in the upper VI! trad, \ Reproduced, 
with permission. from Chen MYM. Pope l U Oft DJ. Haste Radiology. New York: McGraw- 
Hill 2004: 275.) 




MNEMONIC 


For Crohn's, think of a fat granny 
and an old crone skipping down a 
cobblestone road away from the 
wreck (rectal sparing). 


u 


CLINICAL 

CORRELATION 


IBDs should be differentiated from; 

■ Irritable bowel syndrome 

■ Radiation colitis 

■ Ischemic colitis 

■ A variety of infectious processes 
m Colitis related to medications 


Presentation 

UC and CD share many features rcsulling from bowel inflammation, includ¬ 
ing diarrhea, pain, fever, and blood loss, but differ in important ways, as listed 
in Table >IT 


Diagnosis 

Characteristic history coupled with a typical radiographic (see Figure 3-42 For 
CD) and endoscopic (gross) appearance of the mucosa (see Figure 3-4 > for 
UC). in addition to confirmatory histology seen on colonic biopsy. 



FIGURE 3-43, ulcerative colitis, Gross image will t pscutlupolyposis. (Image courtesy of 
PKIR Digital Library [hl1pr//pcir,net|.) 









TABLE 3-13. Clinical and Pathologic Features of CD and UC 


iLrujiii/.'xrtfii/miittum/jauitUiiiTf 

n 11 n uirtmmuttrm 1 1 m itm* 111 it unfit 11 urn i tint it 1 1 irrnwium ■ mu n» uim 111 

CD 

HtlllM 1 r^iumi i u ±-1 in mut. j m u mi imm u u it ;tl l III wtEttl l . * i hi. .. 

UC 

Possible etiology 

Infectious. 

Autoimmune. 

Location 

May involve any portion of the G1 tract, usually the terminal 
ileum and colon; skip lesions, with rectal sparing. 

Colitis is colonic inflammation; continuous 
lesions, always with rectal involvement 

Cross morphology 

Trans mural inflammation; cobblestone-like mucosa, 
creeping fat bowel wall thickening ("string sign" on 
barium swallow), linear ulcers, fissures, fistulas. 

Mucosal and submucosal inflammation only; 
friable mucosal pseudopoylps with freely hanging 
mesentery. 

Microscopic 

morphology 

Noncaseating granulomas and lymphoid aggregates. 

Crypt abscesses and ulcers, bleeding, no 

granulomas. 

Complications 

Strictures, fistulas, perianal disease, malabsorption, 
nutritional depletion. 

Severe stenosis, toxic mega colon, colorectal 

carcinoma. 

Extraintestinal 

manifestations 

tfaujifirMJULlMNll JJtftlH«tBH911iflII 

Migratory polyarthritis, erythema nodosum, ankylosing 
spondylitis, uveitis, immunologic disorders. 

IIWIi namimtm uikhihih 1 1 niiiuinaiMHnniitin imnuiittitiiufuii Itniii irntrttiii 1 liiiiltix ■ ■ 

Pyoderma gangrenosum, primary sclerosing 
cholangitis. 

mhiih HiMHiiwBu > ".nnmm mm i nmtumigmimi i HUHwnumtuiuwiUM* 


Treatment 

The medical treatment for bofh IRDs is similar and includes anti-inflamma¬ 
tory (sulfasalazine for milder forms; corticosteroids and azathioprinc for more 
severe eases), untidiarrheal, and antibiotic medications. 

Prognosis 

Surgical therapy (colectomy): 

In patients with uncontrolled UC, colectomy is curative. 

In patients with CD. surgery is not curative, but is required to manage 
complications in 70 % of patients. 

UC predisposes to carcinoma of the colon, most commoiilv occurring 
after > 10 years. 



a Sulfasalazine is not absorbed 
by the small intestine 
a it is hydrolyzed by colon flora 
into S-aminosalicylate acid 

(5-AS A) (mesalazine) and 
sulfapyridine. 

a 5-ASA acts as a local anti¬ 
inflammatory agent in the colon. 


Pseudomembranous Colitis 

Pseudomembranous colitis is an acute inflammation of the colon, precipi¬ 
tated by a course of antibiotics (classically, ampicillin, clindamycin, or a 
cephalosporin) that clear the normal colonic bacterial flora (E. col and Bacte- 
roides fragilis), thus enabling overgrowth of Clostridium difficile. 

Presentation 

Symptoms arc due to I he 0. difficile toxins. A and B toxins attack the colonic 
mucosa, leading to liypcnnotility, inflammation and increased capillar) 
permeability. 

typical symptoms include frequent watery diarrhea, abdominal pain or 
cramping, and fever. It can also he associated with occult colonic bleeding. 
In severe cases, the colonic mucosa becomes covered with yellow or gray 
exudates, hence the term pseudomembranous colitis (see Figure 3-44). 
This can lead to toxic megacolon, volvulus, or colonic perforation, all of 
which can he life-threatening. 


« FLASH BACK 


C difficile is a gram-positive, spore- 
forming anaerobic rod. Antibiotic 
therapy drastically decreases 
protective flora, allowing C difficile 
to become pathogenic 
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figure 3-44* Pseudomembranous colitis, i Image courtesy of PIvlR Digital I .ibrarv 
l http://pcir.nctj.} 


Diagnosis 

A stool sample is tested for the A anti R toxins of C. difficile. 

Colonoscopy is rarely indicated, but if done, demonstrates confluent 
patches of yellow or gray exudates obscuring the normal colonic mucosa. 

Treatment 

'The first step in treating pseudomembranous colitis is stopping the inciting 
antibiotic. 

Anti diarrheal agents such as loperamide arc contraindicated, as they will 
prolong production of toxins in the colon, thus worsening the condition* 
Supportive therapy is ty pically sufficient in the immunocompetent adult 
In patients with more severe illness or with multiple medical problems, C. 
difficile can be treated with metronidazole (first-line) or oral vancomycin. 




FLASH BACK 


Most common microorganisms 
involved in infectious diarrhea: 

■ £ coil 

* V. choleras 
m Salmonella 

■ Shigella 

m Campylobacter jejuni 
u Vibrio parahaemolyticus 
m Yersinia enterocolittca 
m Rotavirus 

■ Norwalk virus 

■ Cryptosporidium 

■ Giardia lamblia 


Infectious Colitis 

Infectious causes of colitis can be viral, bacterial, or parasitic. Patients wilh 
in fed ions colitis typically present with severe diarrhea, fever, leukocytosis, and 
abdominal pain. Chics in the history' may include travel, recent antibiotic use, 
specific food consumption, and immunodeficiency. 

The most commonly implicated pathogens include: 

Entamoeba histolytica (sec Figure 3-45): The clinical presentation of 
amebic colitis ranges from being asymptomatic to causing severe bloody 
diarrhea, extramtestiual disease such as amebic liver abscesses, and finally 
bowel necrosis, perforation, and fulminant peritonitis. 

Vibrio cholerae: This gram-negative bacterium produces a toxin that 
causes watery diarrhea with profound loss of fluid and electrolytes. The 
dehydration caused by cholera can be deadly in a matter of days without 
adequate fluid and electrolyte resuscitation. 

Treatment 

Depends on the underlying (suspected) microorganism. If baclerial/parasiHc 
etiology is implicated, appropriate antimicrobial or antiparasilic therapy is 
needed. Maintain adequate supportive care at all times. 
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figure 3-45* Entamoeba histotytica cyst (A) showing three of the four nuclei, and trophozoite (B) demonstrating a single 
nucleus with a central, dot-like nucleolus* ( Reproduced, with permissioji, from Kmd \S. Braumvsld Fy K&sper DL, cl ah, cil.v Harrison's 
Principles of Internal Medicine . 17tli ed. New York: McGraw-Hill, ZOOS; III?.} 


TUMORS OF THE COLON 


Benign Polyps 

Polvp.s in the colon are extremely common after age 40 and can be precursors 
to colorectal cancer* 

Hyperplastic polyps are the most common type of benign polyp. 

Other types include submucosal polyps, inllaminatary pseiitlopolyps, and 
hamartoma tous polyps. These benign polyps have a very low rate ofmalig*- 
nanl conversion except in the hereditary polyposes. 


Adenomatous Polyps 

By definition, adenomatous polyps arc dvsplashc and therefore liavc malig¬ 
nant potential There arc three subtypes: 

Tubular adenomas are the most common of the three, and are so named 
because their neoplastic glands are rounded or tubular. 

Villous adenomas have the highest rate of malignant conversion. His¬ 
tologically, they have a canliflowcr-like appearance with finger-like villi 
extending down into the center of the polyp, 

Tubuiovillous polyps (see Figure 1-46) are so named because they have 
characteristics of both tubular and villous adenomas; they have an inter¬ 
mediate rate of malignant conversion. 

Multiple Polyposis Syndromes 

There arc several genetic disorders that cause multiple colonic polyps, usually 
at young ages* Polyps and tumors typically arise in the proximal (right-sided) 
colon. 


CLINICAL 

CORRELATION 


ExtraintestinaI tumors commonly 
develop in conjunct bn with these 
disorders. 


CLINICAL 

CORRELATION 


Familial Adenomatous Polyposis (FAP) 

Autosomal dominant genetic disorder caused by a mutation in the adenom¬ 
atous polyposis coli (APC) gene* Those affected have numerous precaneer- 
ous and cancerous colon polyps (see Figure 3-47) in the second or third 
decade of life; the diagnosis is clinched if more than 100 colorectal polyps are 
found. Virtually 100% of affected patients develop colorectal cancer. Prophy- 


Commonly affected sites include 
the endometrium (endometrial 
carcinoma), ovary, stomach, bowel, 
pancreas, hepatobiliary sysiern, 
urinary system, and prostate. 
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FIGURE 1 * 46 , Tubutovillous adenoma. UisUitogk'ul image of it pet tun ciliated tubular 
adenoma willi some features of t ilium adenoma (ttibulmillom adenoma), t linage courtesy of 
PKIR Digital Library [hllpi//pdr.iictp 


lactic total colectomy is therefore indicated even during childhood or early 
adulthood. 

FAP is also associated with periampullary tumors, l his is the second lead¬ 
ing cause of death in patients with FAP. 

Gardner's Syndrome 

Autosomal dominant genetic disorder characterized by multiple adenoma¬ 
tous colon polyps in conjunction with other extra intestinal tumors, including 
osteomas, hepatoblastomas, papillary thyroid carcinoma, and periampullary 
adenomas. 

Turcot's Syndrome 

Autosomal recessive disorder that causes colonic polyps and tumors of the 
CNS, especially glioblastoma mulltfonne and medulloblastoma. 

Hereditary Nonpolyposis Colorectal Cancer (HNPCC) 

Autosomal dominant disorder that causes colorectal adenomas and colorectal 
cancer. A mutation in a DNA mismatch repair gene (h\ll JJ / or /iMS/J 2) 



FIGURE 3-47* Pedunculated colon polyp on a thick stalk covered with normal mucosa 
(arrow). (Reproduced, with permission, from hind AS* Kasper DL* Branmvald F,. et al. cd$, 
fktrrhtun Primipks of internal Medicine, Dili etl, New VleCravv-l lit), 2CKJ8. 

Figure 285-5) 









is thought t« be the cause of the disease. HN'PCC has also been classified as 
part of Lynch 1 or Lynch il syndrome. Lynch 11 syndrome is also associated 
with extracolonic honors (endometrium, ovary, and pancreas). 


Peutz-Jeghers' Syndrome 

Autosomal dominant disorder characterized by a combination of hmnurtoma- 
lous colon polyps and mucocutaneous hyperpigmented lesions on the lips 
(see Figure 3-48), oral mucosa, hands, and genitals. The colon polyps rarely 
become cancerous, but they can cause symptoms sueli as obstruction, pain, 
and bleeding. Those affected have a higher likelihood of cancer in the stom¬ 
ach, breast, and ovaries. 


Colorectal Cancer 

Histologically, colorectal cancer is adenocarcinoma of the large intestine 
and/or rectum. It is the third most common cancer as well as the second 
leading cause of cancer-related death in both men and women in the United 
Stales. 

Risk factors include advanced age, family history, low-fiber diet, villous 
adenomas, 1HD (especially UC), FAP, Pculz-]eglicrs juvenile nonpolypo¬ 
sis, and HN'PCC. Screening should start at age 50 with colonoscopy, bar¬ 
ium enema, or flexible sigmoidoscopy plus fecal occult blood testing. 
Colon cancer typically arises from dysplastic adenomas in the colon. 
Research shows that over time, underlying genetic mutations along with 
environmental influences (two-hit hypothesis} lead to the stepwise conver¬ 
sion of normal colonic epithelium into dysplastic adenomas, and finally, 
to malignant adenocarcinoma (adenoma-carcinoma sequence; see Figure 
3-49). 

The most common mutations arc in the APC gene, which occur early in 
the development uf colon cancer, and in I lie p 5 5 gene, which occur later. 
Main other gene mutations, including the K-RAS gene, have been impli¬ 
cated and occur at various stages in the development of cancer. 

Presentation 

Colon cancer typically occurs in adults over 50. 

It can present with changes in stools (i.e., niclcna, hematochczia. pcncil- 
lliin-caliber stools), abdominal discomfort, or constitutional symptoms 
such as weight loss. Unexplained anemia in men and postmenopausal 
women is a relatively common finding. 



KEY FACT 

1 _ 


The K-RAS gene encodes a signal 
transduction molecule that oscillates 
between an activated CTP and an 
inactivated GDP. 



KEY FACT 

1 _ 


Mutated /WS remains in an activated 
stale, continuously delivering mitotic 
signals, thus preventing apoptosis. 



figure i-4B. Peutz-Jehgers' syndrome. {Image? miilcsy of Uniformed Sen im Univer¬ 
sity of llte I leal 11) Sciences,) 
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figure 5-49. Adenoma-carcinoma sequence. The development of carcinoma from ad¬ 
enoma I mis lesions is referred to ;is ihc ademmiii-cnfrinoma sequence. 

Left-sided (sigmoid) colon cancer: 

Early symptoms of obstruction (the left side lias a narrower lumen). 
Tumors produce a “napkin-ring” or “apple-core” constriction (encir¬ 
cling annular growth* see Figure 5-50), 

Stool is solid. 

Right-sided colon cancer: 

Anemia, weight loss, and abdominal pain. 

'Tumors look like cauliflower (polypoid or fungating appearance). 

Stool is watery in the right colon; thus, obstruction seldom occurs. 

Diagnosis 

Colonoscopy with tissue biopsy revealing adenocarcinoma is the gold stan¬ 
dard for diagnosis. Once the diagnosis is made, CT scans are done to look for 
melaslascs. 



FIGURE 3-50, Annular, constricting adenocarcinoma of the descending coton, l bis 

radiographic appearance is re ferret I to sis ait "apple-core” lesion and is always highly suggestive 
of malignancy, (Reproduced, with permission, from Kasper DL Braimwald K, Kauri AS. eds, 

\ hirrisoi is Pm id pics of Interna l \ f edicin t\ Kill i cd, X eiv York; \\ c t ) raw Hill 200 5: s >1). j 
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Screening is recommended beginning at age >0; screening tests include 
colonoscopy, fecal occult blood testing, flexible sigmoidoscopy, barium 
enema, and digital rectal exam. 

Carcinoembryonic antigen (CKA) is not recommended as a diagnostic 
serum marker for colon cancer; however, it can be very useful in evaluat¬ 
ing the success of surgical resection, as well as in monitoring the growth 
and/or recurrence of the cancer. 

Treatment 

Surgical resection and chemotherapy (usually involving fluorouracil) are the 
most common treatments. 

Colon cancer can metastasize hemalogenously as well as through the 
lymphatics. 

The most common sites of metastasis arc the regional lymph nodes, liver, 
lungs, and peritoneum; other possible sites for metastases arc the bones 
and brain. 

Prognosis 

Depends on the stage of the tumor at diagnosis, favorable when the cancer is 
detected early, before metastasis has occurred. Once widespread, the 5-year 
survival rate drops to < 10%. 


APPENDICITIS 


Appendicitis is the most common indication for emergency abdominal surgery 
in children, hut it can occur in all age groups, with peak ages 15-30 years. 

Presentation 

Classic presentation is fever and periumbilical abdominal pain, later localiz¬ 
ing to the RLQ (MeBumey s point), accompanied by signs of peritoneal irri¬ 
tation . Anorexia, vomiting, constipation, and diarrhea may also be present. 

Diagnosis 

leukocytosis, pyuria, and fecal leukocytes are (he most common laboratory 
findings. 

Abdominal X-ray shows a radiopaque fecaliLh (fecal material impacted into 
tire appendix) in two-thirds of eases. 

Abdominal CT is generally diagnostic and should be performed in equivo¬ 
cal cases. 

Differential diagnosis includes diverticulitis in the elderly and in ectopic 
pregnancy (should he ruled out with [himman chorionic gonadotropin 
testing in all premenopausal females). 

Treatment 

Surgical appendectomy is necessary and curative. There is a M)% rate of per¬ 
foration in the pediatric population, but the mortality rate is < \ %. 


ABDOMINAL HERNIAS 


Hernias arc abnormal protrusions of the abdominal contents through a defect 
in the abdominal walk 

The hernial mass consists of three parts: covering tissues (formed by layers of 
the abdominal wall), a peritoneal sac, and any structure (including viscera) 
contained within the abdominal cavity. 



CLINICAL 

CORRELATION 


CEA can be elevated in other 
conditions; 

Malignant: Cancers of the 
pancreas, stomach, breast, lung, and 
certain types of thyroid and ovarian 
cancers. 

Benign: Smoking, infections, 1BO, 
pancreatitis, cirrhosis of the liver, and 
some benign tumors of organs listed 
above. 

Other: Chemotherapy and radiation 
therapy may lead to temporary 
elevation of CEA (massive death of 
tumor cells releases CEA into the 
circulation). 



FLASH BACK 


McBurney's point is located 
two’thirds of the distance from the 
umbilicus to the anterior superior 
iliac spine. 



KEY FACT 


* Groin hernias (direct inguinal, 
indirect inguinal, and femoral) 
account for the majority (75%) 
of cases, 

» Incisional and ventral hernias are 
less common (10%). 

■ Umbilical hernias (3%) are 
more prevalent in infants. 

■ Other rare hernias (e.g., 
spigelian, Petit's, and internal) 
account for the remainder. 









Most hernias arc congenital (e,g., indirect inguinal hernias due to fascial 
weakness), while others arc iatrogenic (e.g.. incisional hernias due to a fascial 
defect created by surgical incision). Causes of the most conn non abdominal 
hernias, in order of prevalence, are shown in Table 3-14, 

I lernias arc described as reducible, irreducible, or strangulated. 

Reel i lei hi e: Most common type, usually painless. The abdominal contents 
can be easily returned to the abdomen. 

Irreducible (incarcerated): Difficult to return the contents to the abdomi¬ 
nal cavity. Can become painful il bowel is obstructed ur incarcerated. 
Strangulated: The entrapped organ (usually bowel, sometimes fat) 
becomes incarcerated in the fascial defect, resulting in compromised 
blood supply. Strangulated hernias arc intensely painful and very danger¬ 
ous due to bowel obstruction and possible necrosis. They require immedi¬ 
ate surgical repair. 



KEY FACT 


Hesselbach's (inguinal) triangle: A 
site of direct inguinal hernias: 

■ Rectus abdominis muscle 
(medial) 

■ Inguinal ligament (inferior) 

• Inferior epigastric blood vessels 

(superior and lateral) 


Presentation 

Patients classically present as children or young adults, but hernias can pres¬ 
ent al any age and maybe aggravated nr uncovered by cotnorbkl medical con¬ 
ditions that cause increased intra-abdominal pressure in older patients (be., 
chronic cough, CO PD, constipation). 

Inguinal hernias: Most common type; more often seen in men. Clinically, 
direct and indirect hernias present identically and are treated in the same 
way. Patients usually complain of a painless bulge in the inguinal region 
that is exacerbated by increased intra-abdominal pressure (i.e. t coughing, 
straining with defecation, lifting weight). Patients may also have a feeling 
of heaviness in the groin. 

Femoral hernias: More often seen in women. Patients frequently present 
with a palpable lump medial to the femoral pulse and inferior to the ingtii- 


table 3 - T 4, Causes of the Most Common Abdominal Hernias 


Hernia Tvpe 

Cause 

lOCATTON 

Indirect inguinal 
hernia 

Congenital weakness in the fascial margin 
of the internal inguinal ring (patent 
processus vaginalis). 

Originate lateral to the 
inferior epigastric vessels. 

Direct inguinal 

hernia 

Congenital weakness in the fascia of the 
inguinal canal floor. 

Originate medial to the 
inferior epigastric vessels 
(above and medial to the 
pubic tubercle). 

Femoral hernia 

Weakness of the femoral septum, allowing 
protrusion of the hernial sac through the 
femoral canal within the femoral sheath. 

Originate below and 
lateral to the pubic 

tubercle. 

Umbilical 

Congenital (e,g. ( infants) or acquired (e.g., 
multiparous women) abnormality in the 
musculature around the umbilical cord. 

Originate at the umbilicus. 


Incisional 


Acquired as a postoperative complication. Originate at surgical 





















MNEMONIC 


nal ligament. These hernias have a tendency to become incarcerated or 
strangulated because of the relatively small area of the femoral ring and 
the presence of unyielding anatomic structures (c.g., sharp free edge of the 
lacunar ligament). Consequently, these hernias can be painful and require 
prompt surgical repair. 

Umbilical hernias: Often present in infants or children due to congenital 
defects in the abdominal wall at the umbilicus. In adults, umbilical her¬ 
nias are more common in multiparous women and patients with comorbid 
medical conditions that cause chronically increased abdominal pressure 
(i.e., chronic cough, COPD, ascites). Patients usually complain of a bulge 
at the umbilicus that worsens on Valsalva maneuver. Pain may be present 
if bowel becomes incarcerated or strangulated. Severe pain and erythema 
of the skin suggest necrosis of underlying bmvel, and warrants immediate 
surgical repair. 


Both indirect and direct hernias occur 
in the inguinal canal, 

INdirecl hernias are IN the INtemal 
ring and spermatic cord and 
commonly occur in INfants, 


Diagnosis 

Bused on clinical symptoms. 

Physical exam: 

Inguinal hernias in men arc palpated by pushing a finger into I lie skin 
ol the scrotum and directing it laterally and upward toward I he internal 
inguinal ring. Valsalva maneuver (coughing) pushes the hernia against 
the examiners finger. In women, the hernia can be palpated direct)} 
over the internal inguinal ring on Valsalva maneuver. 

Femoral hernias can often be palpated medial to the femoral pulse and 
inferior to the inguinal ring. 

CT scan or ultrasound may be necessary with patients who have hernias 
that are not easily palpable (he., obese patients). 

Treatment 

Surgical repair (hennorraphy). 


HEPATOBILIARY SYSTEM 


Jaundice 

Patients with jaundice often present with yellowed skin or sclera that repre¬ 
sents an underlying increase in scrum bilirubin (see Table >-l >). 

Physiologic jaundice: Extremely common (50% of newborns). A condi¬ 
tio!! in neonates that results from the relative deficiency in glueuronvl 
transferase in the immature liver in newborns. 

Hemolysis resulting from mild trauma during the birth process can 
exacerbate the condition by increasing bilirubin production. 

Adult jaundice: A pathologic process due to overproduction (c.g., he¬ 
molysis) or impaired excretion (c.g., bile duet obstruction, hepatocellular 
dysfunction) of bilirubin. 


Presentation 

Scleral icterus typically appears first, generally at serum bilirubin leves > 5 
mg/dL. Jaundice is seen at even higher levels of serum bilirubin. 

Newborns: Jaundice present at birlh is pathologic. In contrast, physi¬ 
ologic jaundice of the newborn is clinically benign and occurs 48-72 
hours following birth. Bilirubin levels rise at < 5 mg/dh/dav and peak at 
< 1 5 mg/dL Direct bilirubin comprises < t ()%■ of the total. 


CLINICAL 

CORRELATION 


By far, the most common cause of 
jaundice is choledocholithiasis. 










TABLE 3-15* Jaundice; Underlying Etiologies 




Jaundice 

Diseases 

Serum 

Bilirubin 

Urine 

Bilirubin 

Urine 

Urobilinogen 

Conjugated 

Hepatocellular disease: 

Dubin-Johnson's syndrome: Inherited defect in liver excretion of 
bilirubin leads to a glassy black liver 

Rotor syndrome: Less severe without a black liver 

t Direct 

bilirubin 

(>15%) 

T 

Normal/* 


Obstruction ot the bile duct by: 

Gallstones 

Tumors 

Primary sclerosing cholangitis (PSC) 
Parasites 


Un conjugated 


Hemolytic diseases: 

Sickle cell 

Glucose-6-phosphate dehydrogenase deficiency 
Spherocytosis 

Microangiopathic hemolytic anemia 
Paroxysmal nocturnal hemoglobinuria 
ABO/Rh isoimmunization 
Autoimmune hemolytic anemia (warm and cold) 

Inherited hepatocellular diseases: 

Crigler-Najjar type 1: Absent UDP-glucuronyl transferase 
Chgler-Najjar type 2: Less severe and responds to phenobarbital, 
which induces hepatic enzymes, including UDP-glucuronyl transferase 
Gilbert's syndrome: Mild rise in UDP glucuronyl transferase, which 
causes asymptomatic rise in indirect bilirubin, associated with stress; 
common, affecting about 5% of the population 

Acquired hepatocellular disease: 

Cirrhosis 

Hepatitis 

Drugs (i.e., steroids, rifampin, probenecid, ribavirin) 

Liver failure (Le., sepsis) 

wn run i uMiwnrnmiiifMgBii m i imo n mm ■>»« —mu mu hbwh i irnniiumm^ 


t Indirect 
bilirubin 


Absent T (from heme 
(acholuiia) metabolism) 




CLINICAL 
CORRELATION 


Other common clinical entities are 
tumors (especially pancreatic) and 
liver failure. 


Diagnosis 

The most important step in diagnosis is determining if the jaundice is sec¬ 
ondary to conjugated (direct) or uncnnjugatcd (indirect) hyperbilirubinemia 
(see Figure $-51). 

Direct Iiyperbitirubincmia is always pathologic. 

Indirect hyperbilirubinemia may be physiologic or pathologic. 

Treatment 

Address the underlying condition. Physiologic jaundice of the newborn typi¬ 
cally resolves with normal maturation and UV light exposure with in 1-2 
weeks. 
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FIGURE s * 51 . Differential diagnosis for elevation of (A) direct and (B) indirect bilirubin. PSC - primary self rosing cholangitis: 
MAHA = m iuoangiojwthic hemolytic anemia; TIPS - Iransjngnlur inlralif|»olic portasysli'mk' shunt: TIP ^ thrombotic thrombocy¬ 
topenic purpura; SC A - sickle cell anemia. 


Prognosis 

Easily treatable etiologies have a much better prognosis than do malignant 
obstruction or hepatocellular etiologies, 

Hereditary Hyperbilirubinemias 

Karc conditions can be differentiated by the predominant form of bile acids 
(conjugated or uneonjugated) present in the bloodstream. 

Hereditary Causes of Direct (Conjugated) Hyperbilirubinemia 
Dubin-Johnson's Syndrome 

Rare inherited (autosomal recessive) condition caused by impaired iulrahc- 
patie bilirubin secretion. 

I be defect is due to the absence of the canilicular protein mu It id rug- 
resistant protein 2 (MRP2), which is responsible for transport of bilirubin 
glucuronides and other anions into (lie bile. 

Grossly, the liver appears black. Functionally, the liver is normal. 

Presentation 

Mostly asymptomatic, but may present with chronic or recurring jaundice of 
varying intensity. 

Diagnosis 

Elevated serum direct bilirubin 
Normal CBC 
Normal liver enzymes 
Crossly black liver on biopsy 

Treatment 

No treatment is usually necessary. Individuals with this disorder have a normal 
life expectancy. 

If the bilirubin rises to levels requiring treatment, patients respond well to 
phenobarbital, which reduces jaundice by inducing bypertrophv of the 
hepatocellular ER, thus improving bilirubin conjugation. 

Rotor's Syndrome 

Similar to Dubin-Johnson’s syndrome, caused by multiple defects in both 
hepatocellular uptake and secretion of bilirubin. Grossly, however, the liver 
appears normal. Patients respond well to phenobarbital. 
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Hereditary Causes of Indirect (Unconjugated) Hyperbilirubinemia 
Gilbert's Syndrome 

Benign inherited condition causing mild, intermitlent indirect hyperbili¬ 
rubinemia. 

Caused by transient reduction in hepatic glucuronyl transferase activity to 
about one-third normal levels. 

Presentation 

Usually an incidental finding in an otherwise healthy adolescent or young 
adult male (male.fcmale predominance 2-7:1); manifests as mild jaundice 
during periods of stress, such as concurrent illness, strenuous exercise, or 
fasting. 


Diagnosis 

Elevated serum indirect bilirubin (usually 2-3 times normal, almost always 
< 6 mg/dL), 

Normal CBC. 

Normal liver enzymes. 

Treatment 

No treatment necessary; reassurance only. 

Crigier- Najjar's Syndrome (Type 1) 

Rare genetic syndrome (autosomal recessive). Type I is the severe form and 
is caused In 1 a complete lack of hepatic glucuronyl transferase, the enzyme 
responsible for conjugation of indirect to direct bilirubin. On gross inspec¬ 
tion, the liver appears normal. 

Presentation 

Suspect in neonates presenting with severe jaundice at birth. Due to the 
complete lack of glucuronyl transferase, bile is colorless and contains only 
traces of imeonjugated bilirubin. Prior to (lie availability of phototherapy, 
newborns would develop kernictcrus (bilirubin encephalopathy). 

Diagnosis 

Severe jaundice and icterus in a newborn with severely elevated serum indi¬ 
rect bilirubin {> 30 times normal values). 

Treatment 

Aggressive treatment with phototherapy and exchange transfusions in the 
immediate neonatal period. 

Heme oxygenase inhibitors and cholestyramine. 

I ,ivcr transplant prior to onset of brain damage (neurologic symptoms). 
Patients do not respond to phenobarhital. 

Fatal within 18 months after birth if untreated (kernictcrus). 

Crigler-Najjar's Syndrome (Type 2) 

Less severe than type 1, a non fata I disorder caused by a partial lack of hepatic 
gluctirouyl transferase. As with tvpc ), the liver is morphologically normal. 

Presentation 

Suspect in neonates presenting with severe jaundice at birth. Babies have 
strikingh vellowskin due to high levels of indirect bilirubin. 
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Diagnosis 

Severe iiumtliee in a newborn and severely elevated serum indirect bilirubin. 


Treatment 

Phototherapy; patients respond to phenoburbital. 

Prognosis 

Can lead to neurologic damage due to kern icterus if untreated. Excellent 
prognosis if treated: patients will develop normally. 


Alcoholic Hepatitis 

Alcoholic hepatitis is due to reversible inflammatory liver damage caused In 
a high level of alcohol consumption over time. The pathophysiology is poorly 
understood, and it is thought that genetic and environmental factors play an 
important role. 

Direct toxicity from ethanol and its metabolites in addition to oxidative 
damage disrupt the function of cell and mitochondrial membranes, thus 
leading to lipid accumulation. 


Presentation 

Gan be asymptomatic in its mildest form, or can present with lulminant 
hepatic failure and death in its most severe form. 

Classic presentation: Nausea, malaise, tachycardia, and low-grade fever in 
an individual with a history of heavy alcohol use. 

Patients with concomitant hepatic failure or portal hypertension: 
Ascites, significant hematemesis from ruptured esophageal varices, or evi¬ 
dence of encephalopathy, such as asterixis and altered mental status. KUQ 
tenderness and hepatomegaly may be noted on physical exam. 

Diagnosis 

Clinical diagnosis can be made based on presentation and history of alcohol 
abuse. 

Lab tests reveal elevated aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) in a ratio of 2:1. elevated alkaline phosphatase 
(ALP), and prolonged prothrombin lime (PT). 

Tissue exam (see Figure 3-52): Steatosis, neutrophilic infiltrate, centrilob¬ 
ular ballooning necrosis of hepatocyles, and Mallory's hyaline inelusion 
bodies. 


r^i 
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A Scotch and Tonic: 

Alcoholic hepatitis; AST » ALT 
Viral hepatitis; AST « ALT 



KEY FACT 

1 _ 


A mildly elevated AST may be the 
only laboratory abnormality in mild 
cases. 



figure 3-52. Microscopic features of alcoholic hepatitis, V Falh c lunge .mtl cirrhosis 
inflammation characterized by local microvesicular steatosis. Mallory bodies, and scattered 
PM Ns permeating the parenchyma. I.B) I ligli-poweT microscopic view of fatty change Mallory 
bodies ami neutrophils. \ Images courtesy of PKIR Digital Library |litLp://peir,net[.) 
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Treatment 

.Alcoholic hepatitis is completely reversible if the patient is tible lo achieve 
abstinence from alcohol. 

Immediate treatment should include nutritional support with thiamine 
and folate, as well as close monitoring for alcohol withdrawal, which can 
lie fatal if left untreated. 

Vitamin K should be tjiven to reverse coagulopathy. 

Prognosis 

If alcohol abuse continues, the patient risks cirrhosis, which carries a much 
poorer prognosis. 



KEY FACT 
I _ 


AST is located in the mitochondria; 
thus, mitochondria] damage results 
in elevated AST (Reye's syndrome 
and alcoholic hepatitis)* 


Reye's Syndrome 

Reye's syndrome is a rare childhood Iiepatocneephalopathy. The pathogen* 
csis is thought lo he damage to mitochondria caused by salicylate (aspirin) 
metabolites or some other toxin in the milieu of a viral infection or underly¬ 
ing mitochondria] polymorphism. 

Mitochondrial dysfunction leads to elevation of short-chain fatty acids and 
liyperamtnouemia as well as cerebral edema. 

Presentation 

Vomiting, lethargy, drowsiness, and progressive stupor, usually precceded by 
upper respiratory infection (c.g*, influenza A or B or varicella) combined with 
salicylate use. Signs of increased intracranial pressure, such as hyperpnea, 
irregular respirations, and sluggish pupils* may also he present. 

Diagnosis 

Lab findings reflect liver damage and include: 

Klcvatcd AST 

Hype ra mmonemia 

Normal or slightly elevated bilirubin 

Prolonged PT 

Histology of the liver shows diffuse microvesicular steatosis (nucleus is not 
dislocated) with large, pleomorphic mitochondria. 


Treatment 

Generally supportive. If cerebral edema is controlled, the liver usually is able 
to regenerate. Intracranial pressure is managed with hyperventilation, man¬ 
nitol, and barbiturates. 


Prognosis 

At least 70% of patients surv ive, and the prognosis is related to the depth of 
coma and peak ammonia levels. Patients should be screened for fatty acid 
metabolism defects and should not be given aspirin. 

Cirrhosis and Portal Hypertension 

Cirrhosis is an irreversible scarring of the liver that occurs after years of 
chronic insult. In essence, cirrhosis is chronic liver damage, characterized 
by complete disarray of the hepatic cytoa re hi lecture, with progressive scatring 
(generalized fibrosis) and typical “regenerative” nodule formation. Morpho¬ 
logically (sec Figures >-53 and 3-54), it can he divided into: 

Microuudufar cirrhosis: Nodules < 3 mm, uniform in size* 
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FIGURE 3*53. End-stage cirrhosis with lobular necrosis. (Image courtesy of PK1R Digi- 
lal Library* [http://peir.nel].) 


Macron otlular cirrhosis: Nodules > *? mm, with increased risk of hepato¬ 
cellular carcinoma (HCCh usually due to significant liver injury lending 
to hepatic necrosis (postmfeetious or drug-induced). 

Mixed: Macromicronodular form. 

r I'here are many etiologic agents involved in the development of cirrhosis (sec 
'I able vI6}- They are generally divided into four major groups: 

Infectious. 

Iiilicrited/metabolic disorders. 

Drugs/toxins affecting the liver. 

Other causes: Underlying primary diseases that ultimately affect the liven 
Cirrhosis is a major risk factor lor the development of I ICC, 

Alcoholic Cirrhosis 

Alcoholism is the most common cause of cirrhosis in the United States, 



FIGURE 3*54. Close-up view demonstrating micronodular (less than 3 mm) and rna- 
cronodutar cirrhosis. Bile stasis is prescul (which slaiiis llic specimen green), (Image courtesy 
of PCI R Digital l .ibrary [http://peir.nelj.) 





Tab le 3-1 s. Etiologies Causing Cirrhosis 


Type of Cirrhosis 

Causes 

Infectious 

Viral hepatitis, brucellosis, capi Marias is, echinococcosis, 
schistosomiasis, toxoplasmosis. 

Inherit ed/metabolic 

disorders 

AAT, Alagille's syndrome, biliary atresia, Fanconi's syndrome, 

hemochromatosis, Wilson's disease, glycogen storage disease. 

Drugs/toxins 

Alcohol, am to da rone, arsenic, oral contraceptive pills, pyrid incline. 

Other 

m iMmiiiiiwm nniukimfilji^intn tmi i 

Heart failure with long-standing congestion of the liver, biliary 
obstruction, CF r graft-versus-host disease, NASH, primary 
sclerosing cholangitis, sarcoidosis. 



FLASH BACK 


Portal to IVC anastomoses 

(collaterals): 

m Esophagus: Left gastric vein 
to esophageal vein leads to 
esophageal varices. 

■ Umbilicus: Paraumbilical 
vein to superficial and inferior 
epigastric veins leads to caput 
medusae. 

■ Rectum: Superior rectal vein to 
middle and inferior rectal veins 
leads to hemorrhoids. 



FLASH BACK 


Portal hypertension in the context 

of CHF: 

m Prolonged right-sided failure 
with retrograde transmission of 
venous pressure via the IVC 

■ Liver sinusoids diiated/engorged 
with blood, leading to liver 
swelling and centrilobular 
fibrosis/allernating congestion 
(“nutmeg liver") 

■ Hepatic failure, pulsatile liver. 

i Firm, enlarged liver with signs of 
chronic liver disease in patients 
with CHF. 


Presentation 

Cirrhosis has a variety of manifestations: 

Clinical presentation: Complex, resulting from severely impaired liver 
function (hepatocellular damage), consequences of diffuse hepatic tissue 
scarring with portal hypertension, or a combination of both. 

Impaired Liver Function (Hepatocellular Damage) 

Jaundice and pruritus resulting from the inability of the liver to conjugate 
bilirubin. 

I lypoalbumincmia as a resull of impaired albumin synthesis. 

I Ivpercstrogciiism, which causes spicier hemangiomas, palmar erythema, 
gynecomastia, and hypogonadism. 

Anemia from folate deficiency. 

Coagulopathies from decreased production of clotting factors. 

Consequences Of Diffuse Hepatic Tissue Scarring With Portal 
Hypertension (See Figure 3*55). 

Clinical features of portal hypertension develop chiefly as a result of the estab¬ 
lishment of portosystemic collaterals. 

Gastroesophageal varices with the potential for significant bleeding, 

I lemorrhoids. 

Periumbilical venous collaterals (caput medusae). 

Splenomegaly resulting in thrombocytopenia. 

Additional sequelae include ascites, peripheral edema, and/or hydrothorax 
(see Figure 3-56): 

! lypoalbumincmia leads to decreased intravascular oncotic pressure 
and, along with portal hypertension, contributes to the formation of 
ascites. Ascitic fluid can become infected, causing spontaneous bacterial 
peritonitis. 

Hepatic encephalopathy': Severe loss of hepatic function leads to shunt¬ 
ing of blood around the liver, leading to accumulation of toxic metabolites 
in the blood (amnioncmia), causing brain toxicity. 

Hepatorenal syndrome: Increased portal venous pressure leads to 
decreased effective intravascular volume and decreased renal perfusion 
pressure (due to intrarcnal redistribution of blood flow). Renal failure 
can thus develop in the presence of liver failure without intrinsic renal 
problems. 
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FIGURE 3*55. Pathophysiology of porfaJ hypertension. 


Pathohistolqgy 

Bridging fibrosis and small regenerative nodules (see Figure V57), 
Represent hepatocvtic reaction to injury 1 , 

l-ack of norma! liver cytuarclii lee tore (no portal Iriads and sinusoids). 



FIGURE 3 * 56 . Multiple factors involved in the development of ascites, NO Nil* k- ox¬ 
ide. (Modified, with permission, tnmi K.ispcr HI., Hramnvald E* Fauci AS, d ul t eels. /0/rr/VmV 
Principle* of Internal Medicine. Kith vd. New York: \L’Gravv*Hilh 201)5: 1865.) 
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figure 3-57, Histologic features of cirrhosis. \A\ Prominent fibrous hands, some cnntiiimug pmliterating bile chictiileji, are inter- 
pused between islands ol regenerating liver cells > H cV E stain). Ml) The fibrosis cun be belter appreciated on Masson s Irielnome stain 
(bine color), (linage courtesy erf PEIR Digital Library | http://pcir.net].) 



CLINICAL 
f CORRELATION 


Contribute to increased intrasinusoidal pressure (inLrasinusotdal hyperten¬ 
sion). 


Cirrhosis leads to a complete 
disarray of liver function, 

and thus elevated ALP, bilirubin, 
■^glutamyl transferase, and PI, as 
well as anemia, thrombocytopenia, 
hypoalbuminemia, and 
hyponatremia. 



KEY FACT 


AST:ALT ratio of > 2.0 (cutoff > 

1.5) is highly suggestive of alcoholic 
cirrhosis. 


Diagnosis 

Physical exam may reveal any of the signs and symptoms mentioned above 
as evidence of liver disease. 

The damaged liver may be enlarged and tender. 

A cirrhotic liver will be shrunken, firm, and nodular. 

Lab tests may reveal elevated AST and Al X but normal values do nut rule 
oul cirrhosis, as these values will return to normal as the hepatocytes "burn 
QLlf.” 

While not used for diagnosis, RUQ ultrasound will show the nodules 
characteristic of cirrhosis. Ultrasound can also be used to evaluate for sple¬ 
nomegaly, ascites, portal vein thrombosis, and HCC. 

The gold standard for diagnosing cirrhosis remains tissue biopsy. How¬ 
ever, biopsy is not necessary if the patient's presentation and workup are 
both consistent with cirrhosis. 

Treatment 

For complications of cirrhosis: Sclerotherapy or handing for symptomatic 
esophageal varices, drainage of excess peritoneal fluid for ascites (called 
paracentesis), nutritional support. 

Treatment of hepatic encephalopathy: lactulose {reduces the ammonia 
production of colonic bacteria), neomycin (decrease the colonic concen¬ 
tration ofanmumiagenic bacteria). 

Procedures that allow blood to bypass the portal venous system, llms reliev¬ 
ing the symptoms and complicat ions of portal hypertension, arc also used, 
such as portacaval shunting (more invasive) and traus jugular intrahepatic 
portosystemic shunting (less invasive). 


Prognosis 

Can be fatal if it progresses to liver failure or 1 ICC, Cirrhosis is not uniformly 
fatal 
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Primary Biliary Cirrhosis (PBC) 

PBC is characterized by destruction of the small- and medium-sized bile 
ducts in the liver, resulting in intrahepatic cholestasis. PBC has a poorly 
understood pathophysiology; however, it is frequently associated with a variety 
of autoimmune disorders, thus suggesting an autoimmune etiology. It primar¬ 
ily affects middle-aged women (35-^60 years of age). 


CLINICAL 

CORRUATION 


Suspect PBC m women with a 

history of Sjogren's syndrome, 
Raynaud's syndrome, or 
scleroderma. 


Presentation 

Most eases arc asymptomatic for a prolonged period. Symptoms develop 
gradually as the disease progresses and reflect progressive liver damage. Symp¬ 
toms range from severe pruritus, jaundice, malabsorption, and fatigue lo signs 
of hepatocellular failure and portal hypertension. 

Diagnosis 

The most classic lab abnormality is an extreme elevation in ALP, along with 
elevated AST and ALT, cholesterol (especially HDL), IgM, and cryoglobu¬ 
lins* Antiniitoehondrial antibodies are highly specific for this disease. 

Liver biopsy will confirm the diagnosis: Lymphocytic infiltrates in the portal 
regions and loss of bile ductules in the liver parenchyma. 

Treatment 

There are no therapies that can halt or reverse PBC; it is possible only to pro¬ 
vide symptomatic relief and slow the progression of disease. Liver transplanta¬ 
tion is the only life-saving treatment currently available. 

Prognosis 

Progressive disease that ultimately leads to cirrhosis of the liver. 


INBORN ERRORS OF METABOLISM 



FLASH BACK 


Histologic findings in PBC 
resemble those ol graft-versus 
host (GVH) disease. 



KEY FACT 

i_ 


Check for ^glutamyl transpeptidase 
{specific to the hepatobiliary 
system) to differentiate hepatobiliary 
involvement from other pathologies. 



KEY FACT 

1 _ 


Circulating IgG anti-mitochondrial 
antibody is detected in > 90% of 
cases. 


Hemochromatosis 

An inherited, autosomal recessive, male-predominant metabolic disorder of 
iron storage, characterized by increased intestinal iron absorption. Hemochro¬ 
matosis is equally prevalcnl in all races and both genders. Mutations affect the 
HFE gene, which causes decreased affinity for the transferrin receptor to hind 
transferrin. 

Excessive serum levels of iron lead to deposition in and damage to several 
major organs, including the liver, pancreas, heart, joints, and pituitary gland. 

Presentation 

Organ damage does not become apparent until patients arc at least 40 years 
of age, Karls signs include weakness, weight loss, abdominal pain, and Irtss of 
libido. 



KEY FACT 


■ Clinical symptoms of 
hemochromaiosts: Males » 
females; menses causes loss of 
iron. 

■ Females are clinically affected 
after menopause. 


Cirrhosis with iron deposits (see Figure 3-58) affecting the hcpatocytcs 
and resulting in hepatomegaly and stigmata of chronic liver disease. 

Iron deposition in pancreatic islet cells can lead to type 1 diabetes mel- 
litus (DM-l), 

Iron deposition in the skin and increased melanin production cause 
darkening of the skin —bronze skin discoloration (hence, the name bronze 
diabetes). 

Significant risk of heart failure* 













264 


CHAPTER 3 



FIGURE 3*se, Hemosiderin-laden hepatocytes indicative of hemochromatosis* ( Image 
courtesy of PK1R Digital Ubraxy J hltp://peir. nti 1 


CLINICAL 

CORRELATION 


Distinguish between: 

Hemochromatosis = Inherited 
disorder 

Hemosiderosis = Acquired 
disorder of iron overload (e.g*, due 
to repeated blood transfusions in 
patients with thalassemia). 



High levels of copper in serum 
are a result of inadequate copper 
excretion in the liver. 


Diagnosis 

Clinical presentation* 

Flcvalcd percentage of transferrin saturation {> 50%). 

Klcvatcd serum iron and ferritin* 

Iron:total iron-binding capacity ratio> 50%, 

Urinary iron. 

Confirm with liver biopsy (sec Figure >-64), 

Treatment 

Intermittent phlebotomy to remove excess body iron 
Chelating agents (deferoxamine) 

Abstinence from alcohol consumption {increases iron absorption) 
Supportive treatment of common complications (i.c., diabetes, Cl IF) 

Wilson's Disease (Hepatolenticular Degeneration) 

An inherited (autosomal recessive) metabolic disorder characterized by exces¬ 
sive serum levels of copper with deposition in major organs (primarily liver, 
brain, kidneys, and corneas). Chronic disease that is fatal without treatment. 


CLINICAL 

CORRELATION 


Wilsons disease develops as a result of a mutation in the ATP7B gene on 
chromosome 15 (13qH.3), which cades for a P-typc ATPase that transports 
copper into bile and incorporates it into ceruloplasmin* The mutant form of 
AIV7B inhibits the release of copper into bile* 


Copper fails to enter the circulation 
as ceruloplasmin, which leads lo 

low levels of ceruloplasmin in 
serum* 


Presentation 

Suspect Wilsons disease in young adult patients who present with stigmata 
of liver disease along with neurologic changes. 

Classically, patients have Kayser-FIeiseher rings (deposits of copper 
on the outer edges of the corneas) on ophthalmologic exam (slit-lamp 
examination). 

Fiver disease can present in the form of hepatitis, cirrhosis, or 
decompensation. 

Neurologic changes resulting from copper accumulation in the brain. 


m 








Diagnosis 

Decreased serum ceruloplasmin levels. 

Increased scrum and urine copper levels. 

Confirm with liver biopsy. 

Treatment 

Avoid copper-rich foods. 

Copper chelators, primarily penicillamine. Alternative agents include 
potassium sulfide; pyridoxine, and zinc acetate. 


HEPATIC TUMORS 


Can be either primary tumors (derived from liver cells) or inctaslalic tumors. 
The most common tumors of the liver are metastatic (he*, colon cancer). 


Benign liver Tumors 

The most common benign tumors include hepatocellular adenoma (HA) and 
focal nodular hyperplasia {FNH). 


Hepatocellular Adenoma 

Seen predominantly in women in the third and fourth decades; oral contra¬ 
ceptives arc implied as an etiologic factor. Risk is increased in anabolic ste¬ 
roid users and in those with glycogen storage disease type I, 



KEY FACT 


Focal Nodular Hyperplasia 

As with HA, FNH also occurs primarily in women, hul is not associated with 
the use of oral contraceptives. 

Presentation 

HA: Primarily in ihe right liver lobe and often large (> 10 cm). Cl ini* 
cal features include pain and palpable mass or signs of intratumor 
hemorrhage. 

FNH: Generally asymptomatic and incidental finding on imaging studies 
as a solid tumor iu the right lobe consisting of a fibrous core with stellate 
projections. 


Hepatocellular Adenoma: Linked 
to hormonal influence; oral 
contraceptives are thought to play 
an etiologic role. 


Histology 

Both tumors consist of normal or slightly atypical liepatocytes; however. 
FNH also contains biliary epithelium and Kupffer cells. Hepatocytcs con¬ 
tain increased glycogen, appearing paler and larger than normal. 


I 


KEY FACT 


Kupffer cells are characteristically 
absent in HA, 


Diagnosis 

CT, MR!, and selective hepatic angiography arc used to make tire diagnosis. 
Hypervascular appearance on angiography. 

Technetium scans typically show uptake in FNH due to the presence of 
Kupffer cells, but lack of uptake in HA. 


Treatment 

Regular imaging to follow progression of small tumors. If the lesion is > 8-It) 
cm, near the surface, and resectable, then surgical removal is appropriate. 

Patients should stop taking oral contraceptives. 







KEY FACT 


Pregnancy increases the risk of hemorrhage; women with large adenomas 
should he counseled to avoid pregnancy. 


i 

Risk factors for HCC: 

Anything that causes chronic liver 

disease can lead to HCC: 

m Hepatitis B 

■ Hepatitis C 

* Aflaloxin B1 P which is found 
in peanuts affected by mold 
(Aspergillus in China and 
Africa) 

* Hemochromatosis 

m Tyrosinemia 

* Cirrhosis 

m a r Antitrypsin deficiency 

■ Long-term androgenic steroid 
use 


Prognosis 

'The risk of malignant change is small, although it is increased with multiple 
tumors and funion > 10 cm. 

Malignant Liver Tumors 

The two most common types of liver carcinoma arc primary HCC and meta¬ 
static carcinoma. Other malignant neoplasms include clmlangiocarcinoma, 
carcinoma of the papilla ofVater, and cancer of I he gallbladder. 

Hepatocellular Carcinoma (Hepatoma) 

1 ICC is one of the most common tumors in the world, with the highest preva¬ 
lence in Asia and sub-Saharan Africa due to the high prevalence of hepatitis 
B and C; it is less common in the United States and western Kitropc. It is 
four times more common in men. 



l CLINICAL 
t CORRELATION 


Maintain a high index of suspicion 
with cirrhotic patients who exhibit 
clinical changes, such as new- 
onset encephalopathy, ascites, 
jaundice, orvariceal bleeding. 



KEY FACT 


High levels of AFP (> 500-1000 
pg/L) in an adult with liver disease 
and no obvious Gl tumor strongly 
suggest HCC, 


Presentation 

Symptoms are similar to those of chronic liver disease. The most common 
presenting symptoms are pain or mass in llic right upper ijuadranl. Physical 
exam may reveal friction rub or bruit over the liv er. (Elevations of AFP and 
ALP are common. 

Diagnosis 

Based on imaging (see Figure 5-59), and elevated scrum AKP levels. Any soli¬ 
tary nodule seen on Cl of a cirrhotic patient should he worked up for HCC, 

liver biopsy is the gold standard. Histologically, the tumor ranges from 
well differentiated (see Figure 5-60) lo poorly differentiated, and often has 
central areas of necrosis in targe tumors. Bile globules and acidophilic 
inclusions are sometimes present 



figure i-SB. Focal lesion within the right lobe of the liver, which is associated with a 
clot entering the hepatic vein and even the inferior vena cava, findings typical of hepatocel¬ 
lular carcinoma. Reproduced, with permission, from Chen \TY\L Pope 1 L Jr. On DJ. Basic 
Radiology, New York: McGraw-Hill, 2004: 291,1 
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figure 3-6o, Photomicrograph with standard H & E stain of hepatocellular carcinoma 
cells in hepatic parenchyma, Reproduced. wiih permission, from Kuntarjmn HM, Wolff RV 
Roller CA. WD Anderson Manual of'Medival Oncology. New Vnrls: McGraw-Hill; 2006,) 


Treatment 

Depending on TNM classification, treatment options include partial hepatc- 
ctomy, liver transplantation, nidiofrcijuency ablation, or percutaneous acetic: 
acid or ethanol ablation. 


Prognosis 

Usually diagnosed laic, when distant metastases (lung, brain, bone, and 
adrenal) have occurred* The median life expectancy after diagnosis is 6-20 
months. 




FLASH BACK 


Metastatic Tumors 

In the United Stales, the incidence of metastatic carcinoma is at least 20 
times greater than that of primary HCC. The most common metastases (see 
Figure >-70} include tumors from the Cl, lung, and breast, and melanoma. 


Liver is the most common site 
of metastasis for G1 {and other) 
tumors due to its size, high rate 
of blood flow, unique dual blood 
supply, and cytoarchitedure. 


Presentation 

Mostly symptoms reflecting the primary tumor, but may present with non¬ 
specific symptoms of weakness, weight loss, fev er, sweating, and loss of appe¬ 
tite, Liver biochemical tests are often abnormal, but mildly elevated and 
nonspecific. 


Diagnosis 

Evidence of metastatic disease to the liver should be sought for any patient 
with primary malignancy, especially of the lung, (»1 tract, or breast. 

Treatment 

Most metastatic carcinomas respond poorly Lo all forms of treatment, which is 
usually only palliative, with the exception of metastatic colon cancer, with a 
5-year survival rate of a I least 25% after resection. 

Other Liver Tumors 

Hemangioma: Benign and general I) left untreated . 

Choluiigiocarcimmia: Laver (hikes (Cloiiorchis sinensis) increase risk in 
immigrants. 




MNEMONIC 


Metastases » Primary liver tumors 
Cancer Sometimes Penetrates 
Benign Liver (Colon > Stomach > 
Pancreas > Breast > Lung) 
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FIGURE 3-61. Chronic cholecystitis and cholelithiasis. Call bladder w ith obvimtsh thick¬ 
ened wall and hUed with faceted black calculi. (Image courtesy of PKIR Digital Li bran* (http:// 
pcir.nct D 

Angiosarcoma: Vinyl chloride use. 

Hepatoblastoma: Main primary liver tumor in children. 


CHOLELITHIASIS 


Gallstones are a common cause of RUQ pain and are classically found in 
patients who are overweight, middle-aged, and female. About I0%“20% of 
Americans have gallstones, and about 50% of those people eventually have 
symptoms. 

'There are three types, including cholesterol stones, mixed stones, and pig¬ 
ment (bilirubin) stones (see Figure 5-61 and Tabic 5-17). 

Slones form when there is a disruption in cholesterol transport from the liver 
into the bile; this process is coupled with a simultaneous secretion of phos¬ 
pholipid and bile salts. Disruption of the cholesterobbile salt ratio leads lo 
cholesterol precipitation in the gallbladder, thus enabling the formation of 
stones. 


TABLE 3*17, Types of Gallstones and Typical Findings 


mii]tiMiiusHK3£'..rmitii 

Components 

Risk Factors 

Radiograph* 

Cholesterol 

stones 

Cholesterol 

CD, CF, dofibrate (decreases 
plasma cholesterol), estrogen, 
multi parity, rapid weight loss, 
Native American heritage, 
advanced age. 

Mostly radlolucent 

(cannot be seen); 

10%“20Vo are 

opaque due to 

calcifications. 

Mixed stones, 

most common 

types 

Cholesterol 

and pigment 

Most common. 

Radlolucent. 

Pigment 

tjnmmuHtBTtrjitsniiit! 

Pigment 

(bilirubin) 

Chronic RBC hemolysis, 
alcoholic cirrhosis, advanced 
age, biliary infection, 

•n>n.uirrfimiimtinmmiitMar,, TuMiiiifniiitJin—)— 

Radiopaque (seen 
on radiograph). 
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Cholesterol load > bile salts: Bile .sails and lecithin arc unable to solubi¬ 
lize the cholesterol 

Disrupted bile salt production (decreased bile acid absorption from the 
intestine or hepatic failure) leads to increased cholesterol:bile salt ratio. 

Presentation 

Be suspicious of gallstones in patients with RUQ pain. The pain is usually 
worse after meals (postprandial pain) and can be associated with nauseaA (un¬ 
iting and fatly food intolerance. 




MNEMONIC 


Risk factors for gait stones (4 Fs): 


Fat 

Fertile 

Female 

Forties 


Diagnosis 

Ultrasound is the best wav to visualize gallstones. Radiography can be deceiv¬ 
ing because most gallstones are radioluccnt and may not appear on abdominal 
X-ray. Kudos tropic retrograde cholangiopancreatography (ERCP) is a proce¬ 
dure that can visualize the presence of gallstones in the common bile duct 
(see figure 5-62), 


Treatment 

Elective cholecystectomy (removal of the gallbladder) in symptomatic 
patients. Some patients may no! require surgery but should modify their diet 
and avoid fatty fond. 

Prognosis 

The prognosis is good, but there are many potential complications: 

Recurrent biliary colie (intermittent pain). 

Acute cholecystitis (prolonged blockage of the cystic duct, causing gall¬ 
bladder inflammation nr infection), 

Cholcdochnlithiasis (gallstone obstructing the common bile duct). 

Acute cholangitis (bacterial in feel ion of the biliary tree). 

Gallstone ileus and gallstone pancreatitis. 


CHOLECYSTITIS 


Inflammation of the gallbladder is a common complication of cholelithiasis. 



FIGURE 3-G2. Methods of bile duct imaging. Arrows mark bile duet stones. Arraubeads 
indicate I lie common bile duct, and the asterisk marks I he portal vein. (A \ Bndoscopic ultra¬ 
sonograph) (KUS). (H) Magnetic resonance cholangiography (MRGP). (0) Helical computed 
tomography, (Reproduced, with permission, from Kasper DL Braumvyld K. Kam i AS, el ah. 
eds. f JfirmtmV Pritu ifiics oj Internal \Uidiciiw, Iftth ed. New York: MeOrawd till, 2005: 1756.) 
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CLINICAi 
CORRELATION 


■ Charcot's triad (cholangitis): 
Right upper quadrant pain 
Fever 
Jaundice 

* Reynolds' pentad - Charcot's 
triad + Shock and altered menial 
status 



KEY FACT 


"Sonographic" Murphy's sign 

when it occurs during ultrasound 
examination. 



KEY FACT 


Positive HIDA scan — Obstruction 
in passage = Nonvisualization of 
gallbladder confirms diagnosis* 




MNEMONIC 


Causes of acute pancreatitis: 
GET SMASHED 

Gallstones 

Ethanol 

Trauma 

Steroids 

Mumps 

Autoimmune disease 
Scorpion sting 

Hyp e rca tee m i a/ Hyp e rlip id e mi a 

Ercp 

Drugs 



KEY FACT 


Dideoxyinosine can cause fatal 
pancreatitis! 


Presentation 

Very' similar to that of cholelithiasis: Postprandial colicky RUQ pain radiating 
to the right scapula, as a result of inlcrmiiteut blockage of the common bile 
duct. Nausea/vomiting and bloating can also he present. 

Jaundice may occur as a result ol complete blockage of the common bile 
duct, leading to infection or cholangitis. 

Charcot's triad: epigastric/RUQ pain, fever, and jaundice may indicate 
the presence of cholangitis. 

Diagnosis 

Classic physical exam feature is Murphy’s sign. 

Elicitation; Palpate the right subcostal area (gallbladder fossa) while the 
patient inspires deeply; the gallbladder descends toward the examiners 
fingers. 

Positive response: t he patient feels increased discomfort and/or pain upon 
this maneuver and may have an associated inspiratory arrest. 

Ultrasound exam can show stones in the gallbladder, thickening of the gall¬ 
bladder wall, and edema. IIIDA scan (cholcscintigraphy) is more sensitive 
for cholecystitis and can clinch the diagnosis. 

Treatment 

Start antibiotics (usually against gram-negative bacteria, such as K, coti and 
Klebsiella, empirically), and perform cholecystectomy once the patient is 
stable. 


EXOCRINE PANCREAS 


Acute Pancreatitis 

Caused by activation of pancreatic enzymes, which leads to pancreatic auto- 
digestion with hemorrhagic fat necrosis. 

Presentation 

Classically presents as sudden-onset, boring epigastric abdominal pain radiat¬ 
ing to the hack and Hanks accompanied bv anorexia and nausea. May occur 
following a large meal or drinking binge. 

Diagnosis 

Clinical symptoms and imaging: 

Leukocytosis and elevated serum amylase (> 3 times upper limit of nor¬ 
mal) and lipase (with higher specificity and persisting longer) should be 
expected. 

Histology: Kat necrosis with pale basophilic calcium soaps, hemorrhage, 
necrotic debris, and inflammatory response (see f igure 3-63), 

Abdominal X-ray may show localized ileus (sentinel loop) in CM nop of 
duodenum. 

Contrast-enhanced CT is recommended for severe pancreatitis in order to 
rule out pseudoeyst and fully visualize the extent of disease. 

Treatment 

Rest gastric suction, fluid and electrolyte replacement* and pain control with 
opioids (meperidine). 
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F I C U ft £ 3 - 61* Acute pancreatitis with extensive fat necrosis. Non iini pcripatiereulic fid, 
fat necrosis with pale basophilic calcium soaps, hemorrhage* necrotic debm, inflammatory re- 
spouse* and normal pancreas, (linage courtesy of PEIR Digital Library [hUp^/pcir.ud|.) 


Surgical Ircalment is only for trauma, ductal stones, obstructive lesions, 
and infected pancreatic necrosis* 




FLASH BACK 


Prognosis 

About 20%—30% of patients may have complications of necrosis, organ failure, 
or both, including DIG, acute respirator)' distress syndrome (ARDS), diffuse 
fat necrosis, hypocalcemia, pseudneyst formation* hemorrhage, and infection. 

About 10% of patients with pancreatic cancer present with acute pancrea¬ 
titis. Suspect it in older patients with no other risk factors. 

Chronic Pancreatitis 

Chronic pancreatitis may present as episodes of acute inflammation in a pre¬ 
viously injured pancreas or as chronic damage with persistent pain or malab¬ 
sorption* The causes are similar to those of acute pancreatitis. 

In the United States, alcohol ism is the most common cause in adults. 

CF is the most common cause in children. 

Presentation 

Epigastric pain radiating to the back; often not present in chronic disease. 

More common type of pain is persistent, deep-seated, and unreponsive to 
antacids; worsened by ingestion of fatly foods or alcohol. 

Symptoms of pancreatic insufficiency include steatorrhea, weight loss, 
and deficiencies of fat-soluble vitamins (A, I), E, and K). 


■ Morphine may cause spasm 
of the sphincter of Odd; and 
worsen pain. 

m Meperidines the p ref e rred 
analgesic for treating the pain 
of acute pancreatitis because it 

does not cause spasm of the 
sphincter of Oddi, 



KEY FACT 


The primary defect may be 
inspissated enzymes in the ducts, 
leading to ductal obstruction and 
ductal dilation, diffuse atrophy of 
acinar cells, fibrosis, and eventual 
calcification that leads to chronic 
pain and pancreatic insufficiency. 


Diagnosis 

In contras! to acute pancreatitis, senuu amylase and lipase are usually not 
elevated. The classic triad includes progressive parenchymal hhrosis with pan* 
creatic calcification, steatorrhea, and DM. 

Radiographic hallmark is the presence of scattered calcifications (see Fig¬ 
ure 3-64). 


Treatment 

Address the Iwn major problems: pain and malabsorption. 
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FIGURE 3-6 4, Chronic pancreatitis and pancreatic calculi. Cl scan ;nul ERCP apjK'ariince. (A) llicrc is cv idencc of an atrophic 
pancreas with multiple calcificalioiis (arrows). Note lUc markedly dilated pancreatic duel seen in this section through the body and tail 
{open arrows). (Bj ERCP in the same patient demonstrates the dilated pancreatic duct as well as an intra pancreatic duct calculus (arrows). 
(Re prod need, with permission, from Fauci AS, Kasper DL Braimvvald K, et al, eck Harrison's Principles of Internal Medicine, 17th ed. 
New York: McGraw-Hill, 2008: Figure 307-4.) 


Pain: .Avoid alcohol and large meals. Use of narcotics can often lead to 
opiate addic tion and has led to I lie use of palliative procedures (resection 
of strictures, stent placement, and ductal decompression). 

Malabsorption; Enzyme replacement and dietary fat restriction. 

Prognosis 

Patients who abstain from alcohol and use vigorous replacement therapy do 
reasonably well. 

Pancreatic Adenocarcinoma 

Pancreatic adenocarcinoma is a malignancy of the exocrine portion of the 
pancreas; it is one of the most deadly cancers (5-year survival rate of < 5%). 

Risk factors: Age, smoking, family history, and chronic pancreatitis associ¬ 
ated with alcohol abuse. 

Several unit a lions have been associated with pancreatic adenocarcinoma, the 
most conn non of which is the K-RAS gene mutation. 

Presentation 

Tumors arc located in the head of the pancreas 75% of the time, giving the 
classic presentation of painless obstructive jaundice, and are silent until late 
in the disease progression. Common signs and symptoms include unexplained 
weight loss, malaise, epigastric pain that radiates to the mid-back, and signs of 
obstructive jaundice. Other signs include migratory phlebitis (Trousseau's 
sign i and, occasionally, the onset of I )M. 

Diagnosis 

No lab test is specific for pancreatic cancer, although elevated bilirubin and 
ALP confirm biliary obstruction. 

The best tumor marker for pancreatic cancer is CA 19-9; il is nol diagnos¬ 
tic, bill can be used to monitor progression of ihe disease. 

CT scan is the most common imaging study used for diagnosing pancre¬ 
atic cancer (see Figure 5-65). Other studies include FRCP (during which 
a biopsy can be taken), MR1, anti endoscopic ultrasound. 
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figure 3-65, Focal lesion occupying the left lobe of the liver (M) and a focal enhanc¬ 
ing mass in the pancreatic tail (T), representing a pancreatic neoplasm metastatic to the 
liver. (Reproduced, with permission, from Chen MVM, Pope TL, Oil D). Basic Radiology, 


New York; McCraiv-t fill. 2004; 2*H.) 


Treatment 

Surgical resection, called a pancreaticoduodenectomy (Whipple's operation), 
is the only treatment (hat has had any success in prolonging survival. Chemo¬ 
therapy and radiation have had minimal success. 

Prognosis 

Pancreatic cancer has a dismal prognosis, with death usually occurring within 
1 year of diagnosis. 


ENZYME MARKERS OF Cl PATHOLOGY 


Enzyme Markers 

Commonly used laboratory assays (see Fable 3-18) available in most clinical 
practices include serum AST, ALT, y-glutamvl transferase, bilirubin, ALP, 
amylase, lipase, and PT. Other, more specialized markers (i.c„ ceruloplas¬ 
min with Wilson s disease) are used when rare conditions are suspected. 

Many of these enzyme markers can be affected by pathologies outside the gut. 
Therefore, the differential diagnosis must include both extrinsic (on I side the 
Oi tract) and intrinsic (within the Gl tract) pathologies. 

Aspartate Aminotransferase (AST) 

Anatomic Significance 

Intracellular (cytosol and mitochondria) enzyme found in liver cells, but also 
in skeletal muscle, heart, brain, and RRCs. 

Physiologic A ctjon 

Catalyzes the transfer of amino groups to form pyruvate. 

Lab Test Interpretation 

Increased concentration in the bloodstream with tissue (especially liver) 
damage. Tissue damage may occur with liver damage, or with cor pulmonale 
(right heart failure), myocardial ischemia, and extensive trauma. 







table 3-1 a. Key Enzyme Markers of Gi Pathologies 


Enzyme Marker 

Range of 

Normal 

Values 

Key Pathologies Indicated by Abnormality 

AST 

0-35 IU/L 

Increased In liver damage (any etiology). 

ALT 

0-35 IU/L 

Increased in liver damage (any etiology). 

GCT 

9-85 IU/L 

Increase specific for liver disease (any etiology). 

Bilirubin 

Direct 

Indirect 

Total 

0.1-0.4 mg/dL 

0.2-0.7 mg/dL 
0.1—1.2 mg/dL 


A P 

41-133 IU/L 

Nonspecific indicator of tissue damage (liver, bone, or 
intestinal); also increased in pregnancy. 

Amylase 

20-110 IU/L 

Increased in pancreatic pathologies, intestinal disease, 
and ruptured ectopic pregnancy. 

Lipase 

0-160 IU/L 

Increased in pancreatitis (acute and chronic); also 
increased in other pancreatic pathologies. 

PT 

11-15S 

Increased in liver disease and warfarin therapy. 

Ceruloplasmin 

20-35 mg/dL 

Decreased in Wilson's disease (hepatolenticular 


degeneration). 


Alanine Aminotransferase (ALT) 

Anatomic Significance 

Intracellular (cytosol) enzyme; relatively specific lo the liver. Also found in 
kidney cells, skeletal muscle, and cardiac tissue. 

Physiologic Action 

Catalyzes the transfer of amino groups to form oxaloacetalc. 

Lab Test Interpretation 

Increased along with AST in the bloodstream with tissue (especially liver) 
damage. Levels approximate the magnitude of liver damage. Also increased 
with right heart failure, myocardial ischemia, and extensive trailnui. 

ASTMLT Ratio 

Individually, abnormal values of AST or ALT are relatively nonspecific mea¬ 
sures of liver damage. Certain characteristics in the pattern of elevation and 
the ratio of AST to ALT, however, enable clinical correlations to be made (see 
Table VI 9V. 
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TABLE 3-19. AST:ALT Ratio 


laTititiijgMfairwiiiiiiirgttHmtwnntti inmi jattgani ngtintii i mnw min«»HiinBiii 

Severe A5T:ALT 

Elevation 

Wlito AST:ALT Elevation (> 15x Upper 

{< 5 ■ Upper Normal Limit) Normal Limit) 

^■■l II i w 111 i t H wMMiiaifiMif iTitai imutfUiUlMfurWi mw«aa; 

Extreme AST and ALT Elevation 

(AST AND ALT > 1000) 

lui iHHUia mnm iiwsiMMiiiin ran tont 

Nonhepatic Causes of 

AST: A LI Abnormalities 

Wilson's disease 

Chronic hepatitis (viral alcoholic, etc.) 

Wilson's disease 

Acute viral hepatitis 

Acute viral hepatitis 

Acute toxic injury (Le., acetaminophen 
poisoning) 

Drugs (i.e-, statins) 

Pregnancy 

Ethanol 

Ischemic injury 

Acute ischemic injury 

Myocardial infarct 

fit, -Antitrypsin deficiency 

Toxins/drugs 


Muscle disorders 

Toxins/drugs 

Budd-thiari syndrome 




Autoimmune hepatitis 



Mriiijtmr«i(iiiiiiiiii»uiiiifMmitiMkiatiujiutkKwiiiuj3mrnKM 

Hepatic artery ligation 

unimui■ iiftimnffftlijrririltu'ifu■untfwitnmxni inrnttifi * 



y-Glutamyl Transferase 

Anatomic Significance 

Present in hepatic and biliary epithelial cells. 

Physiologic Action 

Induced by alcoholic intake. 

Lab Test Interpretation 

Increased in liver disease. y-Chit;nnyl transferase is sensitive, but is not spe¬ 
cific. for liver disease. Best tool to assess recent alcohol use. 

Alkaline Phosphatase 

Anatomic Significance 

Synthesized in liver, bone, intestine, and placenta. 

Physiologic Action 

Nonspecific indicator of tissue damage (liver, bone, intestine, and/or 
placenta). 

Lab Test Interpretation 

Increased in obstructive hepatobiliary disease. Also increased in bone dis¬ 
ease (i.e.. Paget's disease, bone inetastases), hyperparathyroidism, pregnancy 
(third trimester), and Cl disease (i.e., perforated ulcer). 

Amylase 

Anatomic Significance 

Synthesized primarily in the pancreas and salivary glands; however, also pro¬ 
duced by the ovaries, intestines, and skeletal muscle. 

Physiologic Action 

I lydrolyzes complex carbohydrates. 
















Lab Test Interpretation 

Increased in pancreatic disease (pancreatitis, pseudocyst. pancreatic duct 
obstruction, malignancy), boivel obstruction or infarction, mumps, paroti¬ 
tis, peritonitis, and ruptured ectopic pregnancy. Decreased in pancreatic 
insufficiencv and CM 1 '. 



CLINK Al 
CORRELATION 


Lipase is considered the most 
specific lest to detect pancreatitis. 


Lipase 

Anatomic Significance 

Synthesized itt the pancreas, liver, intestine, stomach, tongue, and other cells 
throughout the body. 

Physiologic Action 

Hydrolysis ol glycerol esters and long-chain fatty acids. 

Lab Test Interpretation 

Increased in pancreatic pathologies (including aculc/clirunie pancreatitis, 
pseudocyst, and malignancy), t'K intestinal malignancy, I HD, peritonitis, 
biliarv disease, and liver disease. 

Prothrombin Time 

Anatomic Significance 

Synthesized in the liver. 


Physiologic Action 

Screening lest used to evaluate the extrinsic pathway of the coagulation sys¬ 
tem and monitor warfarin therapy . Also a relatively rapid and sensitive indica¬ 
tor of hepatic capacity for protein synthesis, since the half-lives of factors li 
and VII are relatively short (hours). 

Lab Test Interpretation 

Increased with liver disease, warfarin therapy, vitamin K deficiency, and 
intravascular coagulation. 

Ceruloplasmin 
Anatomic Significance 

Synthesized in the liver. 

Physiologic Action 

Main copper-carrying protein in scrum. 

Lab Test Interpretation 

Decreased in Wilson’s disease, malnutrition, nephrotic svmlrorne, and Men¬ 
kes’ disease (X-linked disorder of copper deficiency). 



Pharmacology 


jiinnr' T, " ,T j 



Tim section describes the drugs used lo treat the most common C#I patholo¬ 
gies. Figure summarizes the physiology of gastric secretions and llic 
mechanism of action of respective compounds used in the treatment of cer¬ 
tain Cl diseases. 
































Somatostatin 

(octreotide) 

31,1 


Fundus Antrum 






figure 3 - 66 , Summary of Gl therapies. (Modified, with permission, from Katzung BC. 
Trevor A]. USMLE Road Map: Pharmacology. New York: McGraw-Hill, 200 J: 159 t ) 


HISTAMINE BLOCKERS 


Key Drugs 

Cimetidine, ranitidine, famotidine, nizatidine. 


Mechanism 

Reversible block of histamine IU receptors that leads to decreased H + secre¬ 
tion by the stomach parietal cells. 

Uses 

Treatment and maintenance therapy of PUD, GERD, and dyspepsia. 

Side Effects 

Cimclidine is a potent inhibitor of the cytochrome P-450 system. It is also a 
potent anliandrogcnic and can lead to decreased renal creatinine clearance. 
The other H 7 blockers arc relatively free of these side effects. 



KEY FACT 


Cimetidine can increase blood levels 
of other drugs cleared by the P-450 
system (e g., SSRls, TCAs, phenytoin, 
and calcium channel blockers). 
Caution should be taken when using 
these drugs simultaneously. 


PROTON PUMP INHIBITORS (PPIj) 


Key Drugs 

Omeprazole, lansoprazole, rabeprazole, esoprazolc. 

Mechanism 

Irreversibly- inhibits H + -K*-ATPasc in the stomach parietal cells. 

Uses 

PUD, gastritis, esophageal reflux disease, and Zollinger-Ellison s syndrome. 
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KEY FACT 


PPI5 must be "turned on" by an 
acidic environment in the parietal 
cell compartment. Therefore, 

PPls work poorly in patients with 
concomitant use of antisecretory 
agents {H 2 blockers). 


Side Effects 

Generally mikl and include headache, nausea, and diarrhea. 


BISMUTH AND SUCRALFATE 


Mechanism 

Bind to llie ulcer base, providing a protective layer for the stomach, as well 
as allowing IICO^'secretion to restore the pi I gradient in the mucus layer. 
Sucralfate suppresses H. pylori and inhibits acid secretion in infected patients 
wilh duodenal ulcers. Bismuth lacks auliacidic properties. 



KEY FACT 


Triple therapy for H. pylori ulcers: 
bismuth, metronidazole, and 
amoxicillin. 


Uses 

Binding agents commonly used to aid in ulcer healing as well as to treat trav¬ 
elers diarrhea. 

Side Effects 

Sucralfate has minimal adverse side effects other than possible aluminum tox¬ 
icity. Bismuth toxicity can occur in patients with renal failure. 


MISOPROSTOL 


Mechanism 

Prostaglandin F| analog. Increases the production and secretion of the gastric 
mucus barrier and decreases acid production. 

Uses 

The main Cl indication is the prevention of NSAID-induced peptic ulcers. 
Commonly used in the maintenance of a patent ductus arteriosus (PDA) and 
iu the induction of labor. 

S/of Effects 

Diarrhea and cramps abdominal pain. Contraindicated in women of child¬ 
bearing age due to its abortifacient properties. 


INFLIXIMAB 


Mechanism 

IgO-l monoclonal antibody with a high specificity and affinity forTNF-a. Inf¬ 
liximab most likely works by destroying activated TNF-a cells through apop¬ 
tosis or complement-mediated actions, TNF-a is found in the stool of patients 
with CD and may be correlated with disease severity. 

Uses 

Indicated for severe or fistulizing CD that is refractory to corticosteroids and 
sulfasalazine. 

Side Effects 

Infusion reactions, such as shortness of breath, hypotension, fever/ehill, and 
urticaria, can occur. Delayed hypersensitivity reactions are marked by myal¬ 
gia, fever, and rash. 











SULFASALAZINE 


Mechanism 

5-ASA derivative. Decreases inflammatory response in the colon and systemi¬ 
c-ally inhibits prostaglandin synthesis. 

Uses 

An enteric coated tablet indicated for UC. It can also be used for rheumatoid 
arthritis. 

Side Effects 

Contraindicated in patients with sulfa allergy. Most patients experience Cl 
intolerance upon initiation of this drug. 


ONDANSETRON 


Mechanism 

AnHcnietic selective serotonin (5-1IT^) receptor antagonist. Blocks serotonin 
on peripheral vagal nerve terminals and in the central cheniorceeptor trigger 
zone. 

Uses 

Prophylaxis for highly emetogenic chemotherapy and for prevention and treat¬ 
ment of postoperative nausea and vomiting. 

Side Effects 

Should be used on a scheduled basis for chemotherapy, not as needed 
because il is indicated for the prevention of nausea. Side effects include head¬ 
aches, malaise, and constipation. 

TABL E J - 20, Consequences of Antacid Overuse 

mT|iimiiiimwiiirfiiiiiiiifnm)iTnirniFnn n rr rr ru rnTiiiiiiiiiii ii i i i i ti i i Ym i i iiiMimui)iiimiimi inim iiiii iiwiwi i n iiiiiiiiiui ... miiiiiiiiiiiiii 

Aluminum-co nta i ni n g Cons ti pa tion, 

antacids Binds to tetracycline to form insoluble complex that is not 

absorbed. 

Increases absorption of certain drugs such as levodopa. 

Antacid binds to secreted and ingested phosphate to form 
insoluble salts; hypophosphatemia may lead to osteomalacia 
and myopathy* 


Sodium-containing 

Transient metabolic alkalosis* 

antacids 

Fluid retention. 


Hypernatremia* 

Magnesium* 

Hypermagnesemia, fluid and electrolyte imbalance. 

containing antacids 

Hypophosphatemia, 


Diarrhea, 


Calcium-containing Milk-alkali syndrome may lead to hypercalcemia and metabolic 

antacids alkalosis. 

Constipation, 


IFWffilllllitltl 
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ANTACIDS 


Antacids are weak buses that decrease gastric acidity bv neutralizing gastric 
acid to form water and a salt. They also affect the action of pepsin, which 
requires a pi I < 4.0. Agents are composed of sodium bicarbonate and alumi¬ 
num. magnesium, or calcium salts. Aluminum and magnesium salts arc most 
common and promote the healing of duodenal ulcers. Chronic use of antac¬ 
ids. however, may lead to unwanted effects (see Table s-20). 



Key Terms 


Anasarca 

Generalized (whole body) edema. 

Cirrhosis 

End stage of chronic liver disease defined histologically by bridging 
fibrous septs, parenchymal nodules, and disruption of the entire 
liver architecture. 

Cholestasis 

Retention of bilirubin and other solutes eliminated in bile due to 
hepatic dysfunction or biliary obstruction. Associated with pruritus 
and elevated serum alkaline phosphatase. 

Choledocholithlasis 

Gallstones in the biliary tree. May cause pancreatitis, cholangitis, 
hepatic abscess, chronic liver disease, or acute calculous 
cholecystitis due to biliary obstruction. 

Dysphagia 

Difficulty in swallowing. 

Heartburn 

Retrosternal burning due to reflux of gastric contents into the 
esophagus. 

Homatemesis 

Vomiting blood. This can signal eruption of esophageal varices. 

Hypochlorhydria/ 

Decreased HCI production, and no HCI production, respectively. 

achlorhydria 


Keratoconjunctivitis 

Dry eyes. 

IVIctena 

Dark tarry stools secondary to digested blood. 

Pruritus 

Generalized itching. 

Tenesmus 

Sensation of rectal sphincter spasm. 

Xerostomia 

OTUirnif LUNUHmnuaiM iiimuti nuuia 

Dry mouth. 
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GASTROINTESTINAL 


TABLE 3-2!. Congenital Abnormalities 


Meckel's 

diverticulum 

Failure of the omphalomesenteric duct to involute, leaving a persistent 
blind-ended tubular protrusion along the small bowel. Remember the 
rule of Is: 2 feet from the ileocecal valve, 2 inches in length, affects 2^ 
of the population, twice as common in males, and can contain two 
types of tissue (stomach or pancreas). 

Omphalocele 

Defect of the periumbilical abdominal wall allowing protrusion of a 
membranous sac of peritoneum into which the intestines herniate. The 
defect is midline. Associated with other congenital malformations. 

Gastroschisis 

Defect of the abdominal wall lateral of midline that is not covered with 

peritoneum. Usually an isolated congenital defect 

Mat rotation 

Abnormality in development causing the intestines to take a different 
position in the abdomen than usual. 

Intussusception 

Telescoping of a proximal segment of bowel into a distal segment. In 
adults, such telescoping often points to an intraluminal mass (tumor). 

Volvulus 

Twisting of a loop of bowel or other structure about its base of 
attachment, constricting venous outflow. The large intestine is 
predisposed to volvulus. 

Biliary atresia 

Complete obstruction of bile flow caused by destruction or absence 
of the extrahepatic bile ducts. An acquired inflammatory disorder of 
unknown cause which can present as neonatal cholestasis. 

Hirschsprung's 

disease 

An aganglionic segment of defundionalized large bowel due to failure 
of migration of neural crest cells during organogenesis. Presents in 
infants as failure to pass meconium in the first few days after birth. 
Meissner's plexus controls secretions and blood flow. Auerbach's 
plexus controls smooth muscle motility. 




Congenital abnormalities are listed in Table 3*21, respectively. 


ACHALASIA 


Incomplete relaxation of (lie LES in response to swallowing. Can lead to SCC 
of the esophagus, 44 Bird s beak” sign is visible on plain films of the chest. 

Primary achalasia: Loss of innovation of the LES and smooth muscle 
(Auerbachs plexus). 

Secondary achalasia: Pathologic process that impairs esophageal motility. 


GASTROESOPHAGEAL REFLUX DISEASE (GERD) 


injury to the esophagus with subsequent inflammation attributed to decreased 
resting tone of the LKS. Clinically presents as heartburn and can mimic a 
heart attack. May be seen with hiatal hernias. Predisposes to Barrett s esopha¬ 
gus. Three histologic features are characteristic of reflux esophagitis: 
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Kosinophils on biopsy (if more serious, neutrophils ;ts well) > 15 
eosinophil.s/H PF. 
lhis;i! zone hyperplasia. 

1 longalion of the lamina propria papillae (papillary fingers). 

Barrett's Esophagus 

A complication of long-standing gastroesophageal refills defined as the 
replacement of the normal stratified squamous mucosa by mctaplastic colum¬ 
nar epithelium containing goblet cells. This is most common in white males 
and can lead to the development of adenocarcinoma. 


HIATAL HERNIAS 


Herniation of part of the stomach into the thoracic cavity. Associated condi¬ 
tions include reflux, ulceration, bleeding, and perforation. 

Sliding hernia (95%): Protrusion of the stomach above the diaphragm, 
creating a bell-shaped dilation. GERD may he a manifestation. 
Paraesophageal hernia: Part of the greater curvature protrudes through 
I lie esophageal hiatus, next to the esophagus More prone to strangulation 
Ilian a sliding hernia. Not a surgical emergency, but should be repaired 
once discovered. 


ESOPHAGEAL CARCINOMA 


Presents with dysphagia, odynophagia, and obstruct ion. Two main forms are 
recognized: 


Squamous Cell Carcinoma 

More common in blacks than whites. Predisposing factors include slow tran¬ 
sit of food through the esophagus and smoking or drinking. Most common 
esophageal cancer worldwide. 

Adenocarcinoma 

Primary form in I tie United States. Barretts esophagus is the only known pre¬ 
cursor to adenocarcinoma. Usually found in the distal one-third of the esoph¬ 
agus and can invade the esophageal wall, stomach, or other local structures. 
Associated with GERD. 


MALLORV-WEISS TEAR 


Longitudinal tears in the esophagus at the esophagogastric junction. Asso¬ 
ciated with severe retching (alcohol intoxication}. Accounts for 5%—M% of 
upper GI bleeds. 

Boerhaave's Syndrome 

Rare. Occurs in the setting of spontaneous esophageal rupture with exit of 
gastric contents into the mediastinum. Associated with overiiidulgence in food 
and alcohol. High mortality rate. 


GASTRITIS 


Inflammation of the gastric mucosa, May present with a variety of nonspecific 
upper GI symptoms (nausea, bloating, and reflux) and even upper Gl bleed- 
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ing. Diagnosed with upper endoscopy (esophagogastroduodenoscopy). Clues 
to differentiation of its etiology include a thorough medication history, time 
course, and clinical situation. 

Acute Gastritis 

Acute mucosal inflammatory process, usually of a transient nature. Krec|ucnll\ 
associated with NS A IDs, chemical ingestion, excessive alcohol and tobacco 
consumption, and trauma. Major cause at hematemesis, particular!v in 
alcohol ics. 

Acute erosive gastritis: Acute gastritis with concurrent erosion and hemor¬ 
rhage of the mucosa. 

Chronic Gastritis 

The presence of chronic mucosal inflammatory changes leading to mucosal 
atrophy and epithelial metaplasia. Lymphocytic and plasma cell infiltrates arc 
seen in the lamina propria (possibly with gland loss and mucosal atrophy). 

Autoimmune Gastritis 

Results from autoanfibodies that target the gastric gland parietal cells; specifi¬ 
cally, the acid-producing enzyme lUvATPase, Ultimately leads to deficiency 
in IK and pernicious anemia. 


PEPTIC ULCER DISEASE 


Round, sharply pimehed-oui craters found along the lesser curvature of the 
stomach or proximal duodenum. Caused by mucosal exposure to gastric acid/ 
pepsin and Helicobacter pylori infection. Unlike ulcerated cancers, there is 
no significant elevation or beading of the edges. Diagnosis is made by upper 
endoscopy. H. pylori is diagnosed via biopsy, serum serology, stool antigen, or 
urea breath test. After treatment, do not attempt to confirm eradication with 
serologv; it will always be positive. 

Presentation: Burning epigastric pain that may radiate to the hack and 
is relieved by antacids. Pain may be aggravated by food (gastric ulcers) or 
relieved by food (duodenal ulcers). 

Complications; Ulcer perforation may cause peritonitis and is a surgical 
emergency. 

Zollinger-Ellison's Syndrome 

This syndrome is associated with multiple peptic ulcerations in the stomach 
and duodenum due to excess gastrin secretion by a gastrinoma, leading In 
excess gastric acid production. 

Curling's Ulcers 

Ulcers in the presence of severe burns. 

Cushing's Ulcers 

Ulcers in the presence of CNS injurs. 


GASTRIC CANCER 
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Most often found along the lesser curvature in the pylorus and antrum region. 
Clinical outcome is related to depth nf invasion. In early gastric c arcinoma. 











TABLE 5-22. 

Other Gl Tumors 
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Cl stromal Neoplasm of the small intestine with a KIT (tyrosine kinase receptor) 

tumor mutation. Treated with the tyrosine kinase receptor inhibitor imatinib, which 

was originally developed for treatment of chronic myeloid leukemia. 

Carcinoid 

tumor 

Small, slow-growing neoptasm arising horn neuroendocrine cells along 
the Gl trad* Secretes vasoactive hormones, creating a carcinoid syndrome 
(wheeling, flushing, diarrhea, and right-sided valvular lesions) 

Associated with elevated 5-HIAA levels* May occur in the stomach, small 
bowel appendix, colon, rectum, or lung. The clinical manifestations of 
carcinoid syndrome appear upon metastasis to the liver. 

MALT 

lymphoma 

(MALToma) 

uuiLi'Jiint ih~ Jilli** 

Lymphoma arising from MALT 0 celts. Usually affects adults and may arise 
anywhere in the gut (mostly the stomach and small intestine). Most MALT 
lymphomas are sporadic. Associated with He//coAacfer pylori 
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I he tumor is confined to the mucosa and submiicosa and may exhibit a flat nr 
excavated appearance. Advanced gastric carcinoma extends into the musat- 
laris propria and beyond. There arc two morphological types: 

intestinal: Malignant cells form neoplastic intestinal glands resembling 
those of colonic adenocarcinoma. 

Diffuse: Composed of gastric-type mucous cells that do not form glands 
but permeate the mucosal wall as scattered "signet-ring" cells. Has red, 
mucin-containing tumor cells. 

Linitis Plastica (Leather Bottle Stomach) 

Term applied to a stomach whose gastric wall is extensively infiltrated by 
malignancy* 

Krukenberg's Tumor 

Metastatic spread of gastric cancer to both ovaries (see table T22), 


INFLAMMATORY BOWEL DISEASE (IBD) 


Chronic intermittent disorders of unknown origin thought to be due to 
genetic predisposition and environmental insult Common xvmptoms at pre¬ 
sentation include crampv abdominal pain, diarrhea with blond or mucus, 
weight loss, tenesmus, and a host of symptoms outside the Cl system, 

Crohn's Disease (CD) 

CD can involve any portion of the Cl trad from the mouth to the anus (most 
commonh the terminal ileum). It is characterized by traiismunil involvement 
of the bowel wall, lioncaseating granulomas, and fistula formation. Other 
common findings include: 

Creeping fat 
String sign 

Skip lesion (can occur in patches, unlike UC, which is continuous) 

Crypt abscesses 
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Ulcerative Colitis (UC) 

UC involves the large intestine starting .at the rectum and moving proximal ly 
in a continuous fashion. Unlike CD. li is limited to file mucosa and stihimi- 
eosa, Associated with an increased risk of colon cancer. 

Pseudopolyps: Isolated islands of regenerating mucosa that bulge upward. 


COLONIC POLYPS 


Colonic polyps can be malignant or benign, hereditary or spontaneous. The 
key to differentiation will lie the patient presentation, age. family history', and 
associated symptoms {see'Iable i-2i). 


COLONIC ADENOMAS 


Neoplastic polyps that range from small, pedunculated tumors to large sessile 
lesions. There arc three subtypes. In terms of risk of malignant transformation 
villous > tubulovillous > tubular. 

Tubular adenoma: Most common. Usually arise in the rectosigmoid pari 
of the colon. Histologically, the stalk is covered by normal mucosa, but the 
head is composed of neoplastic epithelium. 

Villous adenoma: Up to 10 cm in diameter, velvety or cauliflower masses 
projecting 1—3 cm above the normal mucosa. 

Tubulovillous adenoma: Composed of a mix of tubular and villous areas. 

Colorectal Cancer 

Adenocarcinomas make up 9H7r of all cancers in the large intcslrne. The peak 
incidence is 60-70 years of age, When found in a young person, lliiiik ol UC 
nr another polyposis syndrome. Adenomas arc the presumed precursor lesion. 


TABLE 3-23. Types of Colonic Polyps 
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Cowden's 

syndrome 

Hamartomatous polyps in the Gl tract. Increased risk of neoplasms of 
the thyroid, breast, uterus, and skin. 

Familial 

adenomatous 
polyposis (FAP) 

Patients develop 500-2500 colonic adenomas that carpet the mucosal 
surface. Most polyps are tubular adenomas. 100% risk of colonic cancer 
by midlife. Increased risk of duodenal cancer. 

Gardner's 
syndrome 
and Turcot’s 
syndrome 

Both of these syndromes share the same ARC genetic defect as FAP, but 
differ in one regard: these two syndromes have extraintestinal tumors 
whereas FAP does not 

Hyperplastic 

polyp 

No malignant potential Formed as the result of abnormal mucosal 
maturation, inflammation, or architecture. 

Juvenile polyp 

Hamartomatous proliferations of the lamina propria enclosing widely 
spaced, dilated cystic glands. Usually seen in children < 5 y. 

Peutz-Jeghers’ 

syndrome 

Hamartomatous polyps and melanotic mucosal and cutaneous 
pigmentation. 
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CEA is a serum marker for disease, but is of little diagnostic value for colon 
cancer since it mavalso be elevated in other conditions. 


APPENDICITIS 


Inflammation of the appendix secondary to obstruction. Classical presenta¬ 
tion is ini Id periumbilical discomfort that migrates to the right lower quadrant 
with tenderness at McBuniey’s point (oiiHliird ol the way up a line drawn 
between the anterior superior iliac spine and the umbilicus). Associated with 
anorexia, nausea, and vomiting. 


DIARRHEA 


Acutely defined as an increase in the number of stools with a loose consis¬ 
tency of less than 30 days duration. Diarrhea lasting longer than 30 days is 
considered chronic. The presence or absence of blood is an important com¬ 
ponent of the history. Common laboratory studies to aid in diagnosis include 
fecal leukocytes and culture, stool fal content, ova and parasites, and Cfosfrid- 
ium difficile toxin. 

Typhoid Fever 

Salmonella typhi is the agent responsible for typhoid fever. Involves bacter¬ 
emia. splenomegaly, and even liver necrosis, as well as ulceration of Beyer's 
patches with intestinal bleeding and ulceration. If the gallbladder is colo¬ 
nized, the individual becomes a carrier Causes rose spots (classic rash on the 
skin). 

Pseudomembranous Colitis 

C. difficile is a pari of the normal flora of the bowel, but with antibiotic 
use can overgrow producing a cytotoxin (pseudomembrane), A distinctive 
pseudomembranous colitis is produced which if not recognized can lead to 
toxic megacolon. 

Entamoeba histolytica 

E. histolytica is a dysentery-causing protozoan parasite. Aniebae invade the 
ci \ pis of colonic glands and burrow down into the submueosa. The organ isms 
fan nut laterally creating flask-shaped ulcers. They can penetrate the portal 
venous system and spread to the liver causing abscesses. Diagnosis is by stool 
ova and parasites or stool E. histolytica antigen. 

Ciardia tamblia 

C. law hi ia is an intestinal protozoan that attaches to the small intestinal 
mucosa but does not appear to invade. Therefore, fecal leukocyte tests are 
negative. Associated with greasy, fatty stools and foul-smelling flatulence. 
Diagnosis is by Ciardia antigen stool testing. Treatment is metronidazole, 

Cryptosporidia 

Cryptosporidiosis leads to diarrhea in immunocompromised people and is a 
poten tially fatal complication of AIDS (see Fable 3-24). 
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TABLE 3*24, Causes of Diarrhea 

Causes of Bloody Diarrhea 

Campylobacter 

Salmonella 

Shigella 

Enterohemcmhagic Escherichia colt (EHEC) 
Enteroinvasive £ coli (ElEC) 

Yersinia 
G difficile 

Entamoeba histolytica 


Causes of Watery Diarrhea 

Vibrio cholerae 
Clostridium perfringens 
Ctordia 

Cryptosporidium (in immunocompromised) 
Enterotoxigenic £ coli (ETEC) 

Viruses (rotavirus, Norwalk, adenovirus) 
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MALABSORPTIVE SYNDROMES 


May present with large-volume, fatty, bulky, foul-smelling stools. Associated 
symptoms include bloating and weight loss despite adequate food intake. 
Patients are subject to malnutrition given failure to absorb nutrients. 

Lactose Intolerance 

Inability to digest lactose, causing an osmotic diarrhea. Lactose intolerance 
can be inherited (deficiency of disaecliaridase; rare) or acquired In infants, 
the disease can lead to diarrhea, weight loss, and failure to thrive. 

Celiac Disease 

Xomnfcetiom cause of malabsorption resulting from a reduction in small 
intestinal absorptive surface area. The basic disorder in celiac disease is sen¬ 
sitivity lo gluten, the component of wheal and related grains that contains the 
water-insoluble protein gliadin. Ml Ions atrophy in the small intestine is I be 
histologic hallmark of the disease, along with transglutaminase, and endomy- 
sial and anli-gliadin antibodies. 

Whipple's Disease 

Whipple disease is a rare, systemic infection {Trofihewma whipfidn) that may 
involve any organ of I be body, but principally affects the intestine, CNS, and 
joints. The hallmark of Whipple's disease is PAS-positivc macrophages in the 
lamina propria of the small intestine. The effects of this disease are felt as a 
malabsorptive syndrome occasionally accompanied bv h inphadennpathv. 


DIVERTICULAR DISEASE 


A blind pouch (diverticulum) in llie colon leading off the alimentary tract, 
lined by mucosa that communicates with the lumen of the gut. A com¬ 
mon disease, its incidence increases with age. May present as an asymptom¬ 
atic finding on colonoscopy or from complications (lower G! bleeding or 
diverticulitis). 

Diverticulosis 

A diverticulum may erode into a blood vessel and cause lower 01 bleeding. 
Diverticular disease is most frequently found in the sigmoid colon. Diverticu¬ 
losis is the condition of having diverticula. 
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Diverticulitis 

Infection of a diverticulum. Can present as lower abdominal pain and fevers, 
most frequently in flic LLQ. Can lead to microperforfttion, abscess, and 
peritonitis. 


MESENTERIC ISCHEMIA 


Impaired blond flow to the intestines usually results from the occlusion of 
an artery; either secondary to peripheral vascular disease or thromboembo¬ 
lic events. Its extent is associated with which artery and which branch of that 
artery is affected. The severity ranges from transmural infarction [all layers), 
to mural infarction (mucosa and submucosa), and mucosal infarction. It is a 
surgical emergency, and presents with pain out of proportion to findings on 
examination. 


ANG10 DYSPLASIA/ARTERIOVENOUS MALFORMATION 


Tortuous dilations of submucosal and mucosal blood vessels arc seen most 
often in the cecum or right colon, usually only after the sixth decade of life. 
These lesions account for 20% of lower Cl bleeding. 


HEMORRHOIDS 


Variceal dilutions of Lite anal and perianal submucosal venous plexuses, May 
present with anal pain or pruritus or painless lower GI bleeding. 

Internal: Varicosities in the superior and middle hemorrhoidal veins 
appear above the anorectal line and are covered by rectal mucosa. Pain¬ 
less (visceral innervation) bleeding, 

External: Varicosities that appear below the anorectal line arc dilations of 
the inferior hemorrhoidal plexus and are covered bv anal mucosa. Painful 
(cutaneous innervation) with itching. 


UPPER GI BLEEDING 


Typically presents with heinatemesis and melena. Can also present with 
bright red blood per rectum, but requires a very brisk bleed in this case. Upper 
GI bleeds can cause significant bleeding associated with hemodynamic insta¬ 
bility. Causes include: 

PUD: Must common cause of upper GI bleeding, 

Malloiy-Weiss tear. 

Esophageal varices. 

Erosive gastritis/esophagitis. 

Diculafoy’s lesion. 

Aortocnteric fistula. 


LOWER GI BLEEDING 


Typically presents with bright red blood per rectum (BRRPR) or melena 
(black tarry stools) and is foul smelling. Causes include: 

Ischemic bowel disease, 

Divcrticulosis, 

Arteriovenous ma I formation. 

Colon carcinoma. 















I lemorrhoids* 
Infectious colitis. 
IBD and UC- 


HERNIA 


A weakness or defect in the wall of the peritoneal cavity may permit protrusion 
of a pouch-like, serosa-linctl sac of peritoneum called a hernial sac. Pressure 
at the neck of the pouch may impair venous drainage of the trapped viseus. 
Stasis and edema ensue leading to permanent entrapment of the herniated 
loop (incarceration). Further compromise of blood supply leads to infarction 
(strangulation). These may include inguinal (direct and indirect), femoral, 
obturator, ventral, umbilical, and incisional, as well as esophageal, diaphrag¬ 
matic, and even internal. 


ADHESION 


Adhesions may occur between bowel segments and the abdominal wall. They 
are fibrous bridges that that can create closed loops through which intestines 
may slide and become trapped (causing internal herniations). Frequently 
occur as a result of intra-ahdominal surgery. 


PANCREATITIS 


Acute Pancreatitis 

Characterized by acute onset of abdominal pain resulting from enzymatic 
necrosis and inflammation of the pancreas with an accompanying elevation of 
pancreatic enzymes (lipase ami amylase) in the blood and urine. Two main 
causes in the United Stales include alcoholism and gallstones. Also occurs as 
a complication following ERCP, 

Associations. Hypocalcemia (secondary to I he precipitation of calcium 
salts in the peritoneal cavity) and ARDS, 

Pancreatic pseudoeyst A common sequela of acute pancreatitis defined 
as a liquefied area of necrotic pancreatic tissue that is walled off b\ fibrous 
tissue to form a cystic space, which does not contain an epithelial lining. 


Chronic Pancreatitis 

Characterized by repeated bouts ol mild to moderate pancreatic inflammation 
with continued loss of pancreatic parenchyma and replacement by fibrous tis¬ 
sue- Can present as mild to severe abdominal pain with only a slight increase 
in pancreatic enzymes. Most frequently occurs in middle-aged alcoholic men. 

CFlIl gene: Mutation is found in approximately one-third of people with 
chronic pancreatitis. 

Complications: May lead to the development of DM and severe chronic 
pain and malabsorption. 


PANCREATIC CARCINOMA 


Carcinoma arising from the exocrine portion of the pancreas. Less than 
of people with pancreatic cancer will live beyond 5 vears, These are almost 
always adenocarcinomas and tend to present fairly late in the course. Usu¬ 
ally arise in the head of the pancreas, causing biliary obstruct ion leading to 
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painless jaundice, and known as Cotirvoisier’s sign (a palpable distended 
gallbladder). 

K-RAS and CDKN2A: Most common gene mutations in pancreatic carci¬ 
noma, Considered a "molecular fingerprint" for pancreatic cancer, 
I'rmisseau’s syndrome: Sponlancously appearing plilebotlmmibosis or 
migratory llirombopblebitis. 

GA19-9: Serum antigen that has been found lo be elevated in carcinoma 
of the pancreas. 


ISLET CELL TUMORS 


Originate in neuroendocrine cells (and thus resemble carcinoids) and have a 
propensity lo elaborate pancreatic hormones (see Table "-25), 


INBORN ERRORS OF BILIRUBIN METABOLISM 


Elevated Unconjugated Bilirubin 
Cricler-Naj]ar's Syndrome (Type T) 

Rare autosomal recessive condition with a complete lack of the enzyme 
responsible for conjugating glucuronic acid In bilirubin. 

Kern icterus: Associated with diffusion of uncoujugated bilirubin into brain 
tissue (namely the basal ganglia) resulting in toxic damage and death. 

Cricler-Najjar's Syndrome (Type 2) 

Partial defect in the conjugating enzyme, 

Gilbert's Syndrome 

Present ill up to 7 % of the population. The syndrome is caused bv decreased 
levels of gl i icuronosy I transferase, causing mild, fluctuating unconjngated 
livperbilirubinemia. 


TABLE J -15. Types of Islet Cell Tumors 
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Insulinomas 

Rare. Cause fasting hypoglycemia and may present with palpitations, 
tremulousness, and mental status changes. 

Gastrinoma 

Clinically causes Zoilinger-Ellison F s syndrome due to 
hypergastrinemia. Marked hypersecretion of gastrin. Locally invasive 
tumors that have usually metastasized by the time of diagnosis. 

Arise not only in the pancreas, but also in the duodenum and 
peripancreatic tissues os well. 

Glucagonoma 

Presents with weight loss and a picture similar to that of diabetes 
mellitus. Rare. 

Somatostatinoma 

and VIPoma 

Exceedingly rare. VIPomo causes watery diarrhea. 
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Elevated Conjugated Bilirubin 
Dubin-Johnson's Syndrome 

Results from an autosomal recessive defect in the transport protein responsi¬ 
ble for hepatocellular excretion of bilirubin gliicuronides across the canalicu¬ 
lar membrane. The liver is pigmented and often enlarged, but is functional!} 
normal. 

Rotor's syndrome: Variant of Oubin-Juhmon s syndrome in which the 
liver is not pigmented. 


CIRRHOSIS 


Cirrhosis is the end stage of chronic liver disease defined by bridging fibrous 
septa, parenchymal nodules, and disruption of the entire liver architecture, 
A patient with cirrhosis will present with signs and symptoms associated with 
portal hvpcrtcnsion and hvperestrogenemia (see Table v26). 

Esophageal Varices 

Dilated veins in the distal esophagus which can rupture anti cause significant 
blood loss. Esophageal veins are sites of communication between portal veins 
and systemic veins. When portal venous flow is obstructed, portal hyperten¬ 
sion shunts blood to these veins and causes dilation of vessels* Associated with 
alcoholic cirrhosis. 


HEPATITIS 


Injury to hepatocytcs associated with an influx of acute or chronic inflam¬ 
matory cells into the liver is termed hepatitis. Causes include viral, autoim¬ 
mune, and metabolic. Associated with jaundice, a yellow discoloration oi skin 
and sclerae (icterus) that occurs when systemic retention of bilirubin leads to 
elevated serum levels above 2.U mg/dL. Most frequently caused In hcmnlvlic 
anemias (elevated unconjugated bilirubin), hepatitis, and obstruction of the 
How of bile. Presents with jaundice and elevated AST and .ALT. 


TABLE 3-3 6. Cirrhosis of the Liver 
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Symptoms of Portal Hypertension 

Symptoms of HxPEntsmocmmtA 

Ascites. 

Palmar erythema. 

Portosystemic venous shunts. Esophageal varices, 
caput medusae, and hemorrhoidal veins. 

Spider angiomas. 

Congestive splenomegaly. 

Hypogonadism (testicular atrophy). 

Hepatic encephalopathy. Can cause fetor hepaticus 

Gynecomastia in males. 


(a musty body odor), asterixis {nonrhythmte, rapid 
extension-flexion movements of the hands and 
tongue). 

Hepatorenal syndrome. 
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Hepatitis A 

Benign, self-limited disease that does not cause chronic hepatitis or a carrier 
state. Karels causes fulminant hepatitis. Spread bv ingestion of contaminated 
water or food or raw or steamed shellfish. 

Hepatitis B 

Major cause of liver disease. Cam produce acute hepatitis, progressive and 
iionprogressivc chronic hepatitis, fulminant hepatitis with massive liver necro¬ 
sis. and an asymptomatic carrier stale. Found in all body fluids except the 
stool. Can be spread by needle sticks or as an STD, as well as vertically from 
mother to child. 

Hepatitis C 

Major cause ot liver disease. Major routes of transmission are inoculations 
and blood transfusions and IV drug use. Occupational exposure to health 
care workers accounts lor 4% of cases in the United States. 1 fepatitis C has a 
higher rate of progression to chronic disease and eventual cirrhosis than hepa¬ 
titis B. Concurrent HCV infection witli alcoholic liver disease accelerates I he 
course ol liver disease. 

Hepatitis D 

IIPY needs to he encapsulated in HBsAg to be infective, thus MOV is abso¬ 
lutely dependent on HBV coinfection for multiplication. In the United States, 
HDY infection is mostly restricted to IY drug abusers. 

Hepatitis E 

IIFY is ail cnlcrically transmitted, water-borne infection seen mainly in trav¬ 
elers. A characteristic feature of IIKV is the high mortality rate among preg¬ 
nant women. 

Autoimmune Hepatitis 

Syndrome of chronic hepatitis in patients with a set of immunologic abnor¬ 
malities. Salient features include female preponderance, presence of other 
autoimmune diseases, and an increase in serum IgC. There are three types of 
autoimmune hepatitis grouped according In the target of the autoantibodies, 
most commonly associated with anti-smooth muscle antibodies (ASMA), 
and anti-miclear antibodies (ANA). 


ALCOHOLIC LIVER DISEASE 


Alcohol is the leading cause of liver disease in most Western countries. There 
arc three components to alcoholic liver disease: hepatic steatosis, alcoholic 
hepatitis, and cirrhosis. The AST:ALT ratio may often he 2:1 in frequent 
drinkers* 

Hepatic steatosis. Lipid droplets accumulate in hepatneytes giving the 
liver a fatty appearance. Up to the time that fibrosis appears, the fatty 
change is completely reversible il patient abstains from alcohol. 

Alcoholic hepatitis* This is characterized bv hepatoeyte swelling and 
necrosis, Mallory bodies (eosinophilic cytoplasmic hyaline inclusions in 
degenerating hepatocytes), neutrophilic reaction, and fibrosis. 

Alcoholic cirrhosis. Final and irreversible form. The liver progresses from 
being large and tatty to a brown, shrunken organ* In time, micronodules 
form from regenerating hepa toe vies trapped between the fibrolic strands. 
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Evcnlually. the nodules predominate and vary in size, creating a hobnail 

appearance. 

Nonalcoholic Fatty Liver (NAFL) 

This is fatly liver occurring in patients who do not drink alcohol. The single 
most consistent association lor NAM. is obesity and/or type 2 diabetes mclli- 
tus. NAId, is diagnosed on liver biopsv and is often under-recognized. 

Nonalcoholic Steatohepatitis (NASH) 

The presence of parenchymal mixed inflammation with neutrophils and 
mononuclear cells, hepatocytcs containing Mallory hyaline, and licpatocyte 
dcstrnclion cams the moniker nonalcoholic steatohepatitis. 


PRIMARY BILIARY CIRRHOSIS 


Chronic, progressive, and often fatal autoimmune cholestatic liver disease. 
Characterized by the destruction of intrahepatic bile ducts, portal inflamma¬ 
tion and scarring, and liver failure. Associated with antiniitochmidrinl anti¬ 
body in ov er 90% of patients. Usually affects women between 40 and >i) years, 
and can be associated with autoimmune disease (i.c., Sjogrens syndrome, 
scleroderma, or Raynaud's syndrome}. 


LIVER ABSCESS 


Most common in developing countries due lo parasitic (amebic) infections. 
In developing countries, the cause is more often bacterial or fungal, represent¬ 
ing a complication of an infection elsewhere. I.iver abscesses are associated 
with fever, and often right upper quadrant pain and tender hepatomegaly. 


INBORN ERRORS OF METABOLISM 


Hereditary Hemochromatosis 

Excessive accumulation of body iron, most of which is deposited in I he paren¬ 
chymal organs such as the liver and pancreas. Normal levels of iron are 2-6 
grams, while hemochromatosis is associated with levels of SO grams or higher. 
Affects males > females, rarely seen before age 40, Principal manifestations 
arc hepatosplciiomegaly, abdominal pain, skin pigmentation, PM (hence the 
term “bronze diabetes”) from destruction of pancreatic islets, cardiac dys¬ 
rhythmia, and atypical arthritis, Mav predispose lo I ICG. Genes associated 
with the disease are the IIVE gene/C282Y/C282Y, and an H63D/C282T 
mutation, 

Wilson's Disease 

Autosomal recessive disorder ol copper metabolism that is marked by the 
accumulation of toxic levels of copper in many tissues and organs, principal!} 
the liver, brain, and eye. Defective transporter fails to secrete copper from 
the liver into the bile. Clinically manifests with Kayser-Fleiseher rings (eye 
lesions that are green lo brown deposits of copper in the Deseemeul mem¬ 
brane in the limbus of the cornea) and low ceruloplasmin (hepatocellular 
uptake of copper followed by incorporation ot a-globulin forms ceruloplas¬ 
min, which is then secreted into the blood). May also present with neuropsy¬ 
chological symptoms. Rarely appears before 6 years of age. 
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c^-Antitrypsin Deficiency (AAT) 

Autosomal recessive disorder marked by abnormally low serum levels of the 
protease inhibitor cq-antitrypsin. Those with AAT deficiency have a P i///. 
genotype. AAT is synthesized in (he liver. Those with the deficient allele form 
a mutant AAT that is not released by the liver; therefore, there is an accumu¬ 
lation of AAT which can cause cholestasis and liver damage. Can also cause 
hepatitis and COPDTike pulmonary disease. 


REYE S SYNDROME 


This is a mre disease characterized by fatty change in the liver and enceph¬ 
alopathy. Primarily affects children under 4 years, typically following a viral 
infection* Presents with pernicious vomiting and irritability, lethargy, and 
hepatomegaly. Associated with the administration of aspirin to children dur¬ 
ing viral infections* 


HEPATIC VEIN THROMBOSIS (BUDD-CHIARI SYNDROME) 


Acute, subacute, or chronic occlusive syndrome of the hepatic veins, charac¬ 
terized by hepatomegaly, weigh! gain, ascites, and abdominal pain* Thrombo¬ 
sis is most often associated with states that produce sluggish blood flow (e.g*, 
polycythemia vera, paroxysmal nocturnal hemoglobinemia, and pregnancy). 
In tins syndrome, the liver is often swollen, red-purple, and lias a tense 
capsule* 


HEPATOBILIARY CANCERS 


Liver Cell Adenoma (Hepatoma) 

Liver cell adenoma is a benign neoplasm of liepatocytes most commonly 
occurring in women of child-bearing age who have used oral contraceptives* 
The tumor regresses if the oral contraceptives are stopped* 

Hepatocellular Carcinoma (HCC) 

Primary carcinoma of the liver that most commonly arises from hcpatocytes* 
Rare in the United States, but represents 20'/f-40% of cancers in other coun¬ 
tries (incidence is linked to IIBV and HCV)* Most liver cancers in the United 
States are metaslases to the liver. Exposure lo dietary aflatoxins derived from 
the fungus Aspergillus flavus is linked to HCC. AFP is a serum marker that 
mav be elevated in HCC. 

Cholangiocarcinoma 

Carcinoma of bile dud origin. The only known causal influences of cho 
langiocarciiionm arc primary sclerosing cholangitis, chronic infection of the 
bilinrv trad by the liver fluke Ofmthorchis sinensis , choledochal cysts, and 
previous exposure to Thorotrast, winch contained thorium dioxide, and was 
formerly used in radiography of the biliary tract* It usually appears as a well- 
differentiated adenocarcinoma* 


CHOLELITHIASIS 


Gallstones in the gallbladder* They most commonly affect middle-aged white 
women who are obese (also associated with oral contraceptives). A mnemonic 
for those most commonly affected is the 4 Fs; Fat, Fertile, Female, and Forty. 
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Most gallstones are asymptomatic, though they have the potential to cause 
constant or colicky abdominal pain and cholecystitis. Stones may be com¬ 
posed of either cholesterol or pigment {seen with hemolytic anemias). 


CHOLECYSTITIS 


Inflammation of the galIbladder that is almost always associated with gall¬ 
stones. Usually associated with elevated levels of alkaline phosphatase and 
direct (conjugated) bilirubin. Classically presents with Murphy’s sign (arrest 
of inspiration when palpating under the sternal margin in the RUQ). Predis¬ 
poses to ascending cholangitis. 

Acute Calculous Cholecystitis 

Acute inflammation of a gallbladder that contains stones. Precipitated b\ 
obstruction of the gallbladder neck or cystic duct. 

Acute Acalculous Cholecystitis 

Cholecystitis without the presence of gallstones. This usualU occurs in the 
setting of trauma, bums, a postoperative slate, TPN, or sepsis. May be precipi¬ 
tated by dehydration and gallbladder stasis. 


CHOLANGITIS 


Acute inflammation of the bile duct wall, almost always caused by bacterial 
infection of I lie normally sterile lumen. Commonly occurs with clioledo- 
cholilbiasis. Also known as ascending cholangitis. 

Common organisms: coIt. KIcbsiella. Clostridium, Bactemides f or 

Enterobacter. 

Charcot's triad: Classic triad of symptoms in cholangitis: fever, jaundice, 
and RUQ pain. 

Reynolds’ pentad: Classic pentad of symptoms signifying more severe dis¬ 
ease: Charcots triad plus hypotension and mental status changes. 


PRIMARY SCLEROSING CHOLANGITIS 


Characterized by inflammation, obliterative fibrosis, and segmental dilation 
(irregular strictures and dilations) of the obstructed intrahepatic and extra he¬ 
patic bile ducts. Commonly seen in conjunction with IBP), especially UC. 

Presentation 

Usually diagnosed in the context of IBP. May present symptomatically with 
abnormal liver function tests, RUQ pain, pruritus, and fatigue. 

Diagnosis 

Cholangiography [magnetic resonance cholangiopancreatography (MRCP)] 
shows multiple strictures and dilation of intra- or cxtrahepatic bile ducts. 


GALLBLADDER CARCINOMA 


Tumors nf the gallbladder me much mure common than those arising in the 
bile ducts. Presents in women > men, commonly in the seventh decade of 
life, with 5-year survival of 1%, Gallstones arc present in 6Q%-9f)% of cases. 
Most gallbladder carcinomas are adenocarcinomas and have typically invaded 
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the liver bv the time of diagnosis. Risk factors: gallstone >2.5 one porcelain 
gallbladder, and Native American or Hispanic race. 

Extrahepatie Bite Duct Carcinoma 

Cancers (mostly adenocarcinomas) arising in tbe extrahepatie duels arc 
extreme!v insidious and generally produce painless, progressively deepening 
jaundice. The* occur in older people and slightly more often in men. Because 
partial or complete obstruction of bile duds rapidly leads to jaundice* ex! m he¬ 
patic hi! ran tumors tend to be relatively small at the time of diagnosis. 

Klatskin s tumor: Arises at the bifurcation of the right and left hepatic 
ducts. 
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HEMATOPOIESIS 


Formation of Blood Cells 

In the embryo, the outer layer of llie yolk sac, derived from the cxlracinbry- 
onic mesoderm, is the major site for hematopoiesis. The hematopoietic 
stem cells migrate into the yolk sac from primitive ectoderm or cpiblast. 
Hematopoietic stem cells leave the yolk sac and starl populating the fetal liver 
between the fourth and the fifth week. After spending some time in the liver, 
they also migrate to other hematopoietic organs, including the spleen, lymph 
nodes,thymus* and bone marrow. 

Liven The major site of hematopoiesis in carlv embryonic life. 

Spleen: Exclusively hematopoietic organ until 14 weeks of gestation* 
At around 1 5-18 weeks, the spleen is populated with T-ccll precursors. 
Later* in (he 25rd week, B-edl precursors enter the spleen and form [LedI 
regions. 

Thymus: Populated by the lymphocytes derived from the stem cells in the 
yolk sac f liver, and omentum once it is complete I v formed. 



FLASH BACK 


Binding of 2>bisphQsphoglycerate 
(2 r 3-BPG) causes decreased affinity 
for Oj . 

Fetal hemoglobin does not bind 
with 2,3-BPG, resulting in a greater 
affinity for 0 2 , 


TYPES OF HEMOGLOBIN 


Fetal Hemoglobin (Hba2y2) 

Contains two alpha chains and two gamma chains. It has higher (L affinity 
than adult hemoglobin* 

Adult Hemoglobin (Hba2fi2) 

Contains two alpha chains and two beta chains. 


FETAL CIRCULATION 


Oxygenated blood enters the fetus via the umbilical vein. The oxygenated 
Mood traveling in the umbilical vein via the ductus venoxus (sec Table 4-1 
and Figure 4-1) is shunted to the IVC where it mixes with cleoxygenated blood 
from the trunk and legs. The IVC drains into the right atrium. The foramen 
ovale, a shunt between the right atrium and the left atrium, allows the oxygen¬ 
ated blood from the IVC/right atrium to enter into the left atrium. 1 ligli resis¬ 
tance in the pulmonary circuit during fetal life due lo collapsed lungs causes 


TABLE 4 -1, Fetal Circulatory Structures and Adult Remnants 
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Fetal Circulatory Structures 

Adult Remnants 

Umbilical arteries 

Medial umbilical ligaments 

Left umbilical vein 

Ligamentum teres hepatis 

Ductus arteriosus 

Ligament urn arteriosus 

Ductus venosus 

Ligamentum venosum 

Foramen ovale 

Fossa ovale 
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figure 4 -1 . Fetal circulation, ( Modified, with permission, Irani ( •aiioiif* WK Review a/ 
Medical Physiology > 22nd cd. New York; Ml'GmvwI III!, 2007: 62iS.) 


very minimal blood flow in flic pulmonary circuit. Hence, a slight amount 
of deoxygenated hlood coming from the unventilated lungs mixes with the 
oxygenated blood in the left atrium. The left ventricle then pumps blood 
(via the aortic opening) to supply the systemic circulation. At the level of the 
descending aorta, the ductus arteriosus allows for shunting of blood from the 
pulmonary trunk to the descending aorta,'! tic pulmonary trunk carries deox¬ 
ygenated blood from the superior vena cava and right ventricle. Finally deoxy- 
genakrd blood from the lower limbs and trunk is drained by hvo umbilical 
arteries to the placenta tor oxygenation. 

Changes in Fetal Circulation after Birth 

Opening of the alveoli in the lungs after the fust breath causes a sudden 
drop in pulmonary resistance. 

increased venous return to the left atrium causes increased pressure m the 
heart; cessation of the umbilical blood flow causes decreased pressure in 
the right atrium. This change in pressure results in closure of the foramen 
ovale. 


KEY FACT 


Prostaglandins are required to keep 
the patent ductus arteriosus (PDA) 
open in the fetal period. 



PDA is seen in congenital rubella 
syndrome. 



Indomethacin is a prostaglandin 
inhibitor (-> decreased 
prostaglandin levels) and is used to 
close a PDA in the preterm infant. 
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Cessation of umbilical blood flow, decreased pulmonary vasculature resis¬ 
tance. and increased venous return to the left atrium and left ventricle 
result in increased flow of oxygenated blood through the ductus arteriosus. 
Transposition of the great vessels Tins increase in local ()-, tension causes constriction of the ductus arterjo- 

requires either a PDA or a patent 

foramen ovale to allow survival of 
the newborn. This can be achieved 
by administration of prostaglandins 
until the condition is surgically 
corrected. 


BLOOD 





KEY FACT 


Blond is a specialized connective I issue containing RBCs, W'HCs, and plate¬ 
lets suspended in plasma. 


Semin = Plasma without dotting 
factors. 


Plasma 

Plasma is yellow fluid that makes up approximately 55% of the total blond 
volume. 


Cells 

There are three major lypes of blood cells: erythrocytes (RBCs), leukocytes 
(WBCs), and platelets. Blood cells constitute about 45% of the total blood 
volume. 


Erythrocytes (RBCs) 

The erythrocyte is a biconcave, anncleatcd cell (see Figure 4-2) specialized 
to carry oxygen, It lias a diameter of 7.5-8.7 pm. a volume of 90 fl, and a sur¬ 
face area of I 46 pur, providing a large surface arca:volume ratio. The RRC 
expresses different markers that can be utilized for identification as shown in 
fable 4-2. 



KEY FACT 


eba and IDS are important cytokines 
for neutrophil chemotaxis. 


RBCs exclusively utilize glucose as a source of energy, with 90% anaerobically 
degraded to lactate and I he rest metabolized through the hexose monophos¬ 
phate (I IMP) shunt. They survive For 120 days and are destroyed in the spleen 
by macrophages. 

Reticulocytes: Immature RIlCs that can be identified by specific stain¬ 
ing because lliey contain polyribosomes. They account lor 0.5%—1.5% of 
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FIGURE 4 - 2 . Anudeated, biconcave red blood cells. (Reproduced, with permission, from 
LkTiliiuin MV Bender K. Kipps T], Scligsolm U, Kimshrmky K, Prclml)'!, Wiltuum Hematol¬ 
ogy. "tli eth Ne\\ York: VIeCraw-Hill, 2007: Plate I-L) 













TABLE 4 - 2 , Important Red Blood Cell Markers 


RBC Makkb* SiC NlFiCANCE 

Ace ty 1 cho 1 i n esterase 

Marker for RBC aging 

CD56 

Expressed only by immature erythmid cells 

CD47 

Marker of “self" for RBCs 

CD34 

Expressed by early erythroid cells 




RBCs. Lite reticulocyte count is increased in hemolytic anemia and with 
blood loss* and decreased in aplastic anemia or with decreased marrow 
production. 

Leukocytes (WBCs) 

Leukocytes lead the fight against infection or foreign invasion. The WRC 
count normally ranges from 4000 to 1 LOMO/pL. W BCs can he divided into 
3 different types of cells: neutrophils, basophils, eosinophils, monocytes, and 
lymphocytes. 

Neutrophils: 

Neutrophils can morphologically be divided into tw o groups: Nonscg- 
men t ed and hypersegmcnled. 

Nonscgiiiciited cells arc immature neutrophils (also known as 
bands), which are seen during bacterial infections and other inflam¬ 
matory conditions, 

Hypersegmented neutrophils (with more than fisc lobes) are older 
cells seen in vitamin Bp and folate deficiencies. 

Macrocytic anemia lias many etiologies, including HIV* hypothyroid¬ 
ism, and alcoholism; however, only in vitamin B r and folate deficien¬ 
cies do hypersegmented PMNs appear on a blood smear. 

Multilohed i 3-5), phagocytic cells with granules in the cytoplasm (see 
Figure 4-3). They account for 6()%—70% of ail leukocytes and arc I lie 
prime mediators of acute mllammation. Primarily two groups of gran¬ 
ules are present in the cytoplasm, namely specific granules and azuro¬ 
philic granules. Specific granules are peroxidase negative, small, and 
pale looking, while azurophilic granules are lymsonics that are peroxi¬ 
dase positive, large, and dense and contain myeloperoxidase enzymes. 
Neutrophils utilize glucose via the glycolytic pathway and have a life 
span of 1-4 days in blood. Neutrophils consume following phago¬ 
cytosis, producing free radicals that help kill bacteria. Neutrophils also 
contain laetoferrin, winch avidly binds with iron, robbing bacteria of 
this essential nutrient and leading to bacterial death. 

Basophils: Cells with bilobed nuclei (see Figure 4-3) that mediate aller¬ 
gic reactions. Basophils stain with basic stain (blue) and have deeply baso¬ 
philic granules. Basoph ils account for < 0,5% of all leukocytes, and express 
IgF receptors that when triggered, release histamine, heparin, prostaglan¬ 
dins* leukotrienes, and other vasoactive amines. Basophils primarih reside 
in blood arid have a causative role in allergic diseases including asthma 
and hay fever. Basophils are frequently elevated in myeloproliferative 
diseases, 

1 Eosinophils: Bilobed cells with large eosinophilic granules (sec Figure 
4-3). Kosinophils comprise l%-6% of all leukocytes. [Eosinophils function 
as phagocytic cells, and release cytokines and chemokines (leukotrienes. 



KEY FACT 

l_ 


Corticosteroids inhibit 
polymorphonuclear neutrophil 
(PMN) migration from the 
circulation into the periphery, 
causing benign leukocytosis, 



Deficiency of reduced nicotinamide 
adenine dinudeolide phosphate 
oxidase results in an increased 
incidence of infection with catalase¬ 
positive organism5 r known as 
chronic granulomatous disease, 




MNEMONIC 


For prevalence in the blood, 
remember the mnemonic: 

Never Let Monkeys Eot Bona nos. 

Neutrophil 

Lymphocyte 

Monocyte 

Eosinophil 

Basophil 
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NcJutrophiFic granulocyte 



Basophilic granulocyte 



Eosinophilic granulocyte 



Lymphocyte 



Cromolyn sodium is a mast cell 
stabilizer used to treat asthma. 




MNEMONIC 


Causes of eosinophilic: NAACP 

Neoplasia 

Asthma 

Allergic processes 
Collagen vascular diseases 
Parasites 



KEY FACT 
L _ 


Tartrate resistant acid phosphatase is 
a marker for hairy B-cell leukemia. 



Monocyte 



FIGURE 4*1. The five types of human leukocytes. Neutrophils, eosinophils, and baso¬ 
phils have granule I h i e stnin specifically with certain dyes and .ire called granulocytes, I Aim 
phocyies and monocytes arc agranulocytose they may show azurophilic granules, which arc also 
present in other leukocytes, (Reproduced, with permission, from Junqueira I.CT Carnctro |. 
Basic Histology: Text andAttm , ITth ed. New York: McCraw-Hill, 2007: 227.) 


platelet-activating factor, prostaglandins Bt and thromboxane his- 
taminasc, catalase, and phospholipase D), and defend against parasitic 
infections. Eosinophils also down regulate allergic reactions by inactivat¬ 
ing basophil-derived histamine. 

Monocytes; Cells with horse-shaped nuclei (sec Figure 4o). The cyto¬ 
plasm contains fine azurophilic granules (lysosomes) and appears baso¬ 
philic with a “frosted-glass" appearance. Monocytes are precursor cells 
for macrophages and antigen-presenting cells (APCs). They account for 
2%-]Q% of all leukocvtes. 
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Lymphocytes: Small, round cells with scant cytoplasm and densely stain¬ 
ing nuclei (see Figure 4-3). There are four different types of lymphocytes; 
R cells, T cells, plasma cells, and natural killer (NK) cells. Sometimes 
they are also divided according to size into small, medium, and large 
lymphocytes. 

B lymphocyte: Matures in hone marrow and migrates to peripheral 
lymphoid tissues (follicles ul lymph nodes, white pulp of spleen, and 
unencapsulated lymphoid tissue). B lymphocytes mediate humoral 
immunity and express monomeric molecules of IgM as the receptors 
for the antigen. Recognition of the antigen leads to differentiation into 
plasma cells and production of antibodies (including IgG, IgA, and 
IgM). They function as memory cells and APCs and express MHC 
dass It. 

T lymphocyte: Matures in thymus. Precursor cells of T lymphocytes 
originate in the bone marrow. After maturation, T lymphocytes leave 
the thymus and redistribute in lymphoid tissues. They induce cell 
mediated immunity and express T-cell receptor, T lymphocytes differ¬ 
entiate into cytotoxic T cells (Ml 1C 1 and CD 8). helper I cells (MHC 
It, CD 4, and CD 43), suppressor T cells, and delayed hypersensitivity 
T cells. 

Plasma Cell: Eccentric cells with purple nuclei (see f igure 4-4), 
Cytoplasm has abundant blue rough endoplasmic reticulum and well- 
developed Golgi apparatus. They produce large amounts of antibodies 
specific for a particular antigen. 

Natural killer cell: NK cells arc a type of cytotoxic lymphocytes that 
do not express pan T-cell markers (CD3), T-ccll antigen receptors, or 
surface Ig receptors. They express CD 16 and CD56. The cytoplasm 
contains small granules filled with perforin and proteases that help tar¬ 
get and kill cells lacking MHC I, This situation arises when cells are 
infected with viruses or tumor derived. 

Macrophages 

Cells with ova] nuclei and blue-grey to pale cytoplasm. Macrophages sene as 
tissue scavengers (see Figure 4-5), They arc phagocytic, consuming bacteria, 
aged RRCs, and cell debris. Macrophages arc derived from monocytes and 
reside in the tissues. They also serve as APC and arc activated by y-interferoii. 
Nitric oxide is secreted by both macrophages am! the endothelium. 

Dendritic Cells 

Sentinels, adjuvants, and controllers of the immune system, dendritic cells 
also serve as APCs, and express MHC II and Fe receptors on their surface. 
They are the main inducers of the primary antibody response. Dendritic cells 
are called Langerhans cells in skin. 



KEY FACT 


J3 lymphocytes express the CD23 
receptor, which Epstein—Barr vims 
(EBV) uses for entry into the cell. 



KEY FACT 


Multiple myeloma results from 
abnormal multiplication of plasma 
cells. 



FIGURE * * 4, Plasma cells with eccentric nuclei. (Image courtesy of PEJR Digital I .ilmiry 

[http://peir.net].) 
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FIGURE 4-5 . Active macrophage. [ Reproduced, with permbfrioii, from Liclitm;iu MA, 
Iknitler E, Kipps 1 J, Seligsohn U. Kamhnnskv k, Prclial [ T. WiBiiims Hetnutologw — tli eel. New 
York: McGraw-Hill, 2007: Plate IX-l i 




KEY FACT 
I_ 


Anemia classification: 

* Increased destruction versus 
impaired production 

* Normocytic versus microcytic 
versus macrocytic 

■ Normochromic versus 
hypochromic 



KEY FACT 

k_ 


Corrected reticulocyte count 
(CRC) = Actual hematocrit/^ 5 x 
Reticulocyte count. If > 3%, then 
a good bone marrow response 
to anemia is present, tf it is less 
than 2%, then there is diminished 
erythropoiesis or a marrow disorder, 
as in iron deficiency anemia. 


Classification and Appearance 

Deficiency jn 0 2 -Carrying Capacity ano/or Red Cell Mass 

Anemias are classified by mechanism (increased destruction versus impaired 
production), red cell si/e (normncylic [mean corpuscular volume (MOV) 
80—100], microcytic, or macrocytic), red cell shape, and hcmoglobitiization 
(normochromic vs hypochromic) (see Figures 4*6 and 4*7). Relevant signs 
and symptoms include weakness, fatigue, pale skin, malaise, dyspnea with 
exertion, knilonychias (spooning of the nails), cardiac failure, headache, and 
p res vneope/svn cope. 

Acute Blood Loss 

Loss of blood volume leads to a decrease in RRCs; other blood components 
are also affected. 

Presentation 

Sudden weakness, fatigue, pale skin, malaise, dyspnea, cardiac failure, head¬ 
ache, presviicnpc/svncope, and shock. Patients may have history of trauma or 
bleeding. Bleeding may he external or internal (c*g*. < *1 losses). 

Diagnosis 

Complete blood count (CBC), peripheral blood smear fPBS). Differen¬ 
tial includes other anemias (especially hemolytic anemias), hypothyroidism, 
myelofibrosis, acute porphyria, and systemic lupus erythematosus (SLF,). 
Hematocrit is initially normal but decreases as interstitial fluid shifts into tire 
vascular compartment, causing licmodilulion. Reticulocyte count increases 
as erythropoiesis peaks at around 1 week. If hemorrhage is external, iron defi¬ 
ciency occurs over time. Peripheral smear is initially normochromic and nor- 
mocytic, but reticulocytes appear later as palyehmmatophilie macrocytes. 








Anemia 


CBC, relieulocyte 
count 


WHi 

normochromic 


IL 


Mlcro or 
macrocytic 


Hypopn 


lerative 


Marrow damage 

• I nf i llration/fib rosis 

• Aplasia 

Iron deficiency 

i 8 li mu la lion 
■ Inflammation 

* Metabolic defect 

* Renal disease 


Ma to ration disorder 


- Cytoplasmic defects 

• Iron deficiency 

• Thalassemia 

• Sideroblastic anemia 

L Nuclear defects 

• Folate deficiency 

• Vitamin deliciency 

• Drug toxicity 

• Refractory anemia 


We, <2.5 


Index > 2,5 




Red cell 


Hemolysis/ 

morphology 


hemorrhage 


Blood loss 

Intravascular 

hemolysis 

Metabolic defect 

Membrane 

abnormality 

Hemoglobinopathy 

Autoimmune defect 

Fragmentation 

hemolysis 


figure 4 - 6 . Classification of anemias. (Modified, with permission, from Kasper PL, 
Braumvalt] K, Kmci AS, txk / Jtirritfrw'tf Principles of Intermit Mediane. 16fli v<\. New York: 
McGm w-H ill. 2005: > >4.) 


Treatment 

Fluids 

Blood transfusion 

Elimination of cause of hemorrhage 
Other measures to prevent shock 

Chronic Blood Loss 

May lead lo anemia when loss exceeds erythrapoiesis or when iron stores are 
diminished. Presentation, diagnosis, treatment, and complications arc similar 
to those of anemias caused by impaired RHC production. 



KEY FACT 


Classification of hemolytic anemias: 

■ Location of destruction- 
intravascular versus extra vascular 

■ Cause of destruct ion-extrinsic 
versus intrinsic (to RBCs) 

■ Origin of defect-hereditary 
versus acquired 


Hemolytic Anemias 

Result of premature RBC destruct ion causing a build-up of hemoglo¬ 
bin metabolites and an increase in erythropoiesis. Classified by location of 
destruction (intravascular versus extravascukir), cause of dcstruclion (extrinsic 
versus intrinsic to RBCs), and by origin of defect (hereditary versus acquired), 
as summarized in Table 4-3. 

Intravascular: 

Due to complement fixation, mechanical injury; or toxins. 

Look for hemoglobin emia t mdhemalbuminemia, mild jaundice/eleva¬ 
tion in iinconjiigated bilirubin, hemoglobinuria, henmsideriiiiiria. 
met hemoglobinuria, decreased serum haptoglobin, hemosiderosis of 
renal tubules, and increased fecal urobilin. 



KEY FACT 


In l ravascu la I lemoglob tt lemi a / 

hemoglobinuria, decreased serum 
haptoglobin 

Extra vascu I a r—>spl e n o m ega I y 
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FIGURE 4-7* Anemias by appearance on peripheral blood smear, (A) Normal, no anemia: Normochromic. nonnocylic. (R) HS: 

\ ormochromic, nonnocytic, spherucy tesis, rcticulocvtosfc. fC) Sickle cell anemia: Normochromic. normacytic sickle-shaped llRCs, 
reliculocvLosis. (D) Autoimmune hemolytic anemia: Normochromic. nortndcylic, spherocytosis, rclictilocylosis. (\\) Microangiopathic 
anemia or trauma to lUIGs: I Iclmcl cells, scliisLocytcs. (F) Megaloblastic anemia: MamMivalocUe. macnayhc. hypcrscgmcutecl neutrophils, 
(C) Iron deficiency anemia: Microcytic, hypochromic. (I h Lend poisoning: Microcytic, hypochromic, ringed sideroblash. ft! Myelophthisic 
anemia: Nucleated RBCs and immature granulocytes. (Purls A-l)iV I 4 ' reproduced, with permission. from Kasper DL. Hraunwakl E, Fauci 
AS. ecK., If«mwns Principles of internal iikdicirtt\ 16lU ed, New York; McGraw-t) ill, 2005: 3M, 609. s%, 61 3, 4111): parts K & G-l repro¬ 
duced* with permission*fiom Lichtman MA, Rentier E t Kipps T], et aL. Williams Hematology, Till ed. New York: McGraw-Hill 2006:450. 
Plate I-}, Plate l\ -\ 562,) 


Extra vascular: 

Due to RBG injury, antibody attachment. nr decrease in defurmability/ 
ability to leave cords of Billrotli and enter sinusoids of spleen. 

Hemolysis usually occurs in mononuclear phagocytic cells in spleen. 
Look for jaundicc/clcvation in unconjugated bilirubin, some decrease 
in serum haptoglobin, and splenomegaly. Minimal hemoglobineniia 
and hemoglobinuria. 
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TABLE 4-3. Hemolytic Anemia 


i;m uiriurmm in tmiiMMiiitfi iiiijj ii m 11 mi 1 1 iJiiu .urn (imrrmrm tin*< — ■■■ -■urmiiiinHiiitttmi'tiiiMm 

Intrinsic Extrinsic 

Hereditary 

Acquired 

Enzyme deficiencies {IV and EV) 

Antibody mediated (IV) 

HJVIP shunt: G6PD, glutathione 

Transfusion reactions 

synthetase 

Erythroblastosis fetalis 

Glycolytic enzymes: pyruvate kinase, 

Systemic lupus erythematous 

hexo kinase 

Malignant neoplasms 

Membrane disorders (EV) 

Mycoplasmal infection 

Elliptocytosis 

Drug-associated 

Spherocytosis 

Idiopathic 

Hemoglobin synthesis derangements 

Mechanical injury (IV) 

(EV) 

Microangiopathic hemolytic anemias 

Thalassemias 

(TTP, D1C) 

Sickle cell anemia (can also have IV) 

Cardiac traumatic hemolytic anemia 

Acquired 

Membrane disorders (EV) 

Paroxysmal nocturnal hemoglobinuria 

Infection (IV) 

Malaria 

Chemical Injury (IV) 

Lead poisoning 

Excessive destruction by spleen (EV) 

Miiiriiiiniiimiiiiiiiiii irfu i’i" ~r —'—•"*——■—... 

Hypersplenism 

mmiffmf jopjage—■■■ ■11111111111 nimjiimitmiimuntmnmi mu 1 mm 


IV = intra vascular; EV = extra vascular. 


Glucose-6-Phosphate Dehydrogenase Deficiency 

hi glucosc-6-phospliatc dehydrogenase (C6PD) deficiency, mi enzyme lluit 
protects RBCs from oxidanls is abnormally folded and subject to proteolysis 
in older RBCs, leading to reduced ability of the RBCs to withstand oxidative 
stress (see Figure 4-8). The stress leads to oxidation of sulfhydryl groups on 
hemoglobin, which then precipitate as Heinz bodies. 

This disorder is X-linked, and varum Is arc common in flic black and Middle 
liastem/Mediteminean populations. It is associated with resistance to malar¬ 
ial infection. Women may have both normal and abnormal cells if they arc 
heterozygous. Episodes are self-limited, as erythropoiesis leads to the produc¬ 
tion of reticulocytes with normal enzyme activity, Hemolysis is both intravas¬ 
cular and cxtravascLiIar. 

Presentation 

Often asymptomatic, History of neonatal jaundice and cholelithiasis. Episodic 
fatigue, pallor, and other symptoms of anemia may result. Exam may reveal 
jaundice and splenomegaly. Hemolysis often results from exposure to oxida¬ 
tive stress such as: 

Drugs: Sulfonamides, primaquine, chloroquine, and nitrofurantoins, 
among others. 

Infections: Viral hepatitis, typhoid fever, pneumonia, 
u Other: Kava beans. 

Diagnosis 

Measure G6PD enzyme activity (will be normal at time ot hemolysis due to 
presence of young cells, but will be decreased when no hemolysis is present), 



KEY FACT 


In glucose-6-phosphate 
dehydrogenase (G6PD) deficiency, 
RBCs cannot withstand oxidative 
stress, especially from drugs and 
infection, leading to hemolysis. 



FLASH BACK 


G6PD reduces nicotinamide 
adenine dinucleotide phosphate 
to reduced nicotinamide adenine 
dinucleotide phosphate, which 
reduces glutathione (GSSC) to 
reduced glutathione (GSH) which 
then protects against oxidants like 
hydrogen peroxide (H 2 G 2 ), 



In G6PD-deficient patients, 
avoid sulfonamides, primaquine, 
chloroquine, and fava beans. 
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Neutrophil 
cell membrane 


(J) NADPH oxidase (deficiency - 
chronic granulomatous disease) 
© Suporoxtde dismutose 
(3) Myeloperoxidase 
©Catalase 

©Glutathione reductase 
(§) Giucose*6-phosphate 
dehydrogenase (G6PD) 


GSH/GSSG - glutathione 
(reduced/oxidized) 
HOOP = bleach 


Phagolysosome 

L 


figure 4 - s . Red blood cells and oxidative stress. (161* = glucose-6-phosphate: NADP 
nicfitinamulc adenine dimtdeolidc plmsplutc: NADPI I - reduced nicotinamide adenine 
dmnclcolidc phosphate; 6PC = frplmsphogluconutc. 


indirect bilirubin (increased), and scrum haptoglobin (decreased), CBC 
willi reticulocyte count will reveal hcinoglobincmia and decreased hema¬ 
tocrit, Urinalysis shows hemoglobinuria. PBS shows Heinz bodies and bite 
cells {result from splenic removal of Heinz bodies). Abdominal ultrasound 
mm reveal splenomegaly and gallstones. Ditlerenliul diagnosis includes other 
anemias (especially hemolytic), 


Treatment 

Avoid precipitating factors. 

Provide CX and rest during episodes. 
Exchange transfusions if severe. 

1 jghl therapy in infants. 



Hereditary spherocytosis (HS) 
results from a defect in the proteins 
involved in vertical interactions 
(ankyrin, spectrin, band 5, and 
protein 4.2) r while hereditary 
elliptocytosis results from a defect 
in the proteins involved in horizontal 
interactions (spectrin, protein 4.1, 
and glycophorin). Both groups 
of proteins work to maintain 
membrane integrity. 


Prognosis 

Patients can remain healthy if I hey avoid precipitating factors, but complica¬ 
tions include neonatal jaundice llial may lead to keriiieterus; a type of brain 
damage caused by pathologically high levels ofbiliriibin. 

Pyruvate Kinase Deficiency 

Autosomal recessive enzyme dysfunction leading to anemia that is chronic 
rather than episodic. 

Hereditary Spherocytosis 

Deficiency of spectrin, ankyrin. or other cytoskcletal protein leads to RRC fra¬ 
gility. The cells are forced into a spherical shape because of a loss of mem¬ 
brane fragments. Spherical cells arc less deformable, become trapped within 
the spleen, and are then plmguevfosed. 














Presentation 


Stable course of anemia, splenomegaly, and jaundice. Some are asymptom¬ 
atic. Some may have cholelithiasis as well Family history especially in an 
autosomal dominant pattern. 


Diagnosis 

Perform osmotic fragility test, which will show lysis of RBCs in hypotonic 
salt. Increased mean corpuscular hemoglobin concentration (MCHC) is 
seen due to cell dehydration. CBC will reveal minimal anemia with rcticu- 
loeytosis, and a PBS will show sphcrocytcs. Increased levels of indirect bili¬ 
rubin may he detected. Differential includes anemia, biliary disease, hyper¬ 
bilirubinemia, and autoimmune hemolytic anemia (which may also have 
sphcrocytcs). 

Treatment 

Splenectomy. 

Transfusion i f severe. 

Phototherapy in infants. 

Supplemental folic add and iron. 



FLASH BACK 


Hemoglobin has two forms: I (taut) 
has a low affinity for G 2 , and R 
(relaxed) has a high affinity. 


Prognosis 

Possible complications include aplastic crisis triggered by parvovirus infec¬ 
tion, infections after splenectomy, cholelithiasis, and hemochromatosis from 
multiple transfusions. 

Sickle Cell Disease 

Point imitation (substitution of valine for glutamic acid at position 6) in the 
(3-globin chain gene leads to production of abnormal hemoglobin, I IbS, 
Common in the African and African-American populations. 



FLASH BACK 


0 ? binding is cooperative and 
is decreased by 0“ HA C0 2r 
2-3-diphosphoglycerate (2,3-PPG), 
and high temperatures. 


Adults normally have a large amount of HbA and small amounts of 1 ibAi and 
IthF (fetal hemoglobin). However, (hose with sickle cell have at least one 
allele for I IbS. Main - variants of sickle cell exist including: 

Sickle cell trait: 1 lelcrozygotcs with an I IbA and an HbS allele (HbSA); 
results in resistance against malaria! infection. 

Sickle cell disease: Homozygotes have two I IbS alleles (I IbSS). 

Other: 1 Ictcrozygolcs with an HbS and an ! lbC allele {! IbSQ, 

Order of severity: HbSS > HbSC > HbSA. 




FLASH BACK 


Fetal hemoglobin has lower affinity 
for 2,3-DPG than adult hemoglobin 
and, as a result, has higher affinity 
for 0 2 , 


HbS undergoes aggregation and polymerization when deoxygenated, leading 
to sickle-shaped cells which are subject to splenic destruction (seen in Fig¬ 
ure 4-9), These cells make the blood liyperviscons, which can lead to micro- 
vascular occlusion. Sickling may occur as a result of hypoxia or a fall in pH, 
which reduces the 0 7 affinity of hemoglobin. 'This is worsened by dehydra¬ 
tion, which increases MCHC and aggregation of I IbS molecules. The pres¬ 
ence of 1 IbF prevents polymerization nf I IbS, 

Presentation 

Because flbF prevents polymerization of HbS, disease may not present until 
newborns are 6 months old. 

Pallor from chronic hemolytic anemia, 

Vaso-occulsion causes swelling of hands and feet (hand-foot syndrome) 
and pulmonary infiltrate (acute chest syndrome). 










figure 4 * Sickle cell peripheral blood smear Note thv sickle cells as well ns anisocy- 

kms, poiktlocylosis, and nucleated red blood cells* 


Painful vastMJCclusive crisis in joints, abdomen, viscera, lungs, liver, and 
penis. 

Increased susceptibility to encapsulated bacteria such as pneumococcus 
and Haemophilus influenzae, as well as lo Salmonella osteomyelitis. 
Infarctions of lungs and spleen occur, and autosplencctovny (see Kigure 
4-10) is complete by age 6 years. 

Aplastic crises brought on by parvovirus infection. 

Adults may develop chronic leg ulcers* 

Diagnosis 

I lb electrophoresis reveals high levels of HbS* 

Mixing blood with a reducing agent like met abi sulfate will cause sickling; 
positive in both sickle cell trait and disease* 



FIGURE Splenic infarction. 1 he splenic atlcri larks vulkitcral supply, making ihe 

spleen purtinilarh susceptible lo ischemic damage. ('angubtive necrosis li-is occurred m ,i 
wedge shape along llie pattern of vascular supply, Individual sit klr cells cause geneiali/ed 
splenic infarcts that result in mitospelcnctoiuv. 
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CBC shows anemia, reticulocytosis, leukoe\1osIs* tJironiboatosis. 
Peripheral smear (see Figure 4-9) reveals sickled RBCs, polychromasia, 
nucleated RBCs, and Howell-Jolly bodies. 

Serum bilirubin and feeal/urinarv urobilinogen will be elevated; hapto¬ 
globin levels will be low. 

Skull X-ray shows "crew cut” pattern due lo extramedullary hemato¬ 
poiesis. 

Differential diagnosis includes other anemias, other hemoglobinopathies, 
and osteomyelitis. 

Treatment 

Folic acid supplementation. 

Blood transfusion. 

Penicillin prophylaxis. 

Pneumococcal vaccine. 

Pain control 

Bone marrow transplantation. 

Ifydrnxyurea (increases concentration of HbF). 


Thalassemia 

i 

Thalassemia is common among 
African, Indian, Southeast Asian, and 
Mediterranean populations. 


Minor: I Ictcrozygote with underproduced JJ-globiu chain. 

Major: Homo zygote with absent (3-globin chain. 

HbS/j3-tlia)assemia: Combination of sickle cell and (3-thalassemia. Most 
common form in the United States and in the Mediterranean. 


KEY FACT 


tGenetic syndrome resulting from decreased synthesis of one of the chains 
in 11 bA. Clinical abnormalities arc caused both by the low concentration of 
hemoglobin and by the excess of the other chain. There arc two types fit thala¬ 
ssemias, p- and a-tluilassemias, discussed below. 

jJ-THALASSEMIA 

Defective (i-globin chain. Also known as Mediterranean or Cooleys anemia. 
‘Three forms exist: 


All lead to lack of HbA and aggregation of a-chains. Aggregation leads to 
decreased RPC' life span and npoptotic death of RBC precursors* resulting in 
ineffective erythropoiesis. Fetal hemoglobin is increased as a compensatory 
mechanism, but is inadequate* 

Presentation 

Anemia, splenomegaly from extramedullary hematopoiesis, hemosiderosis 
(from increased iron absorption and repeated transfusion), skeletal deformi¬ 
ties (including "crew cut" appearance of skull on X-rays due to thinning of 
cortical bone and peripheral new bone formation). 




MNEMONIC 


P -ThalaSSemia: 
3 5's 

Splenomegaly 
HemoSiderosis 
Skeletal deformities 


Diagnosis 

Microcytic hypochromic RBC morphology on PBS. 

Treatment 

Blood transfusions. 


Prognosis 

Complications rnav include growth retardation, death at an early age, cardiac 
failure, and other organ damage from hemosiderosis. 












a-THALASSEMIA 

Decreased production of cc-globin due to mutation in one or more of 
the four ct-globin genes. There is no compensatory increase in any other 
chains, but there is a relative excess of other chains including [1 y, and 5, 
a-thalasscmia is prevalent among Asian and African {populations. 

Presentation 

Depends on the number of genes mutated or deleted. 

Silent carrier state: Only one a-glnbin gene affected; asymptomatic, 
a.-thalassemia trait: Two genes deleted; similar to [i-thalassemia minor 
with minimal anemia. 

Hemoglobin H disease: Three cx-globin genes affected; llbll (tetramers 
of P-globin chains) form: llbll has high (X affinity; anemia dispropor¬ 
tionate to the amount of hemoglobin. 

Hydrops fetalis; Deletion of all four genes; lib Barts (tctraiucrs nl 
y-globin chains) has extremely high (X affinity; severe anemia; will lead 
to intrauterine death unless intrauterine transfusion is performed; fetus 
shows edema, pallor, and hepalosplenomegaly. 

Diagnosis 

bused on microcytic, hypochromic blood smear, and clinical presentation. 

Paroxysmal Nocturnal Hemoglobinuria 

Acquired defect in RBG membrane leads to intravascular hemolysis. Muta¬ 
tion is in 11ic glycosjlphosphatidylinositnl (CPI) protein anchor. Many of the 
CPI-linked proteins inactivate complement, so without them, cells are sub¬ 
ject to lysis by endogenous complement.. Platelets and granulocytes can be 
affected also. 

Presentation 

Hemoglobinuria on awakening; hemosiderin uria can lead to iron deficiency. 

Diagnosis 

Based on clinical presentation. Flow cytometry can detect abnormalities in 
red cell membranes. 


Prognosis 

111 is can evolve into aplastic anemia and acute leukemia. 




MNEMONIC 


Warm weather is GGGreat (IgG). 
Cold rce cream. MMM (fgM). 


Immunohemolytic Anemias 

Antibodies are produced that lead to destruction of RBCs. Due to the pres¬ 
ence of antibodies, these anemias arc Coombs-positive. There are three types 
of imnmnohemolylic anemias: warm antihods, cold agglutinin, and erythro¬ 
blastosis fetalis as discussed below. 


Warm Antibody Hemolytic Anemia 

IgG autnantibodies hind RBCs, leading to spheroidal transformation, Splicro- 
eytes are sequestered in spleen (extravascular hemolysis). 

Presentation 

Elevated bilirubin (jaundice, pigment gallstones), reticuloeytosR, and sple¬ 
nomegaly. Often associated with SLE. Hodgkin's lymphoma, chronic Ivin- 
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phocytic leukemia (CLL), or certain drugs ra-nicthyldopa, penicillin^ 
cephalosporins). 

Diagnosis 

Spherocytosis, positive direct Coombs* test lanti-Ig Ah added In pa lien I \ 
RBCs leads to agglutination il RBCs have IgC attached). 


Colo Agglutinin Immune Hemolytic Anemia 

IgM autoantibodies bind RBCs optimally at MfC. Some intravascular hemol¬ 
ysis is seen, especially in distal body parts. IgM is released when cells warm, 
leaving C3b hound to membrane. Thus, RBCs are also subject to extnivaseu- 
lar hemolysis. 


Presentation 

Episodic hyperbilirubinemia. May also base hcinoglobincniia and hemo¬ 
globinuria. 

Acute: Often in recoven phase after infectious mononucleosis or myco¬ 
plasmal pneumonia* 

Chronic: Assoc iated \s it 1 1 lymplioprol iterative neoplasms: may be asso¬ 
ciated with Raynaud's phenomenon (see figure Til ) due to vascular 
obstruction. 

Erythroblastosis Fetalis 

Maternal alloimmunization In D antigen of Rli blood group leads to destruc¬ 
tion of fetal RBCs, Usually, the mother is D (Rh negative) and the fetus is 
O (Rh positive). May also occur in setting of ABO incompatibility: in these 
Cases, the mol her is often () and the fetus is A or B. 


1 


KEY FACT 


Erythroblastosis fetalis: 
Mom — Rh negative 
Fetus = Rh positive 


Presentation 

Fetal hemolytic anemia 


Diagnosis 

'lest maternal and fetal blood for presence of antibodies. 



figure 4 - il . Raynaud's phenomenon. (Reproduced, with permission* fmm Wolff K, 
Johnson R.A, Sum non D. Fitzpatrick* Color Atlas e Synopsis of Clinical Dermtitahgy, ^tli cd. 
New York: McGraw-HM, 2005: M)\) 


















































Prognosis 

Stillbirth, hydrops fetalis (fetal heart failure), kemictenis (unconjugated bili¬ 
rubin damages basal ganglia and other CNS structures, leading to neurologic 
damage). 
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Microangiopathic anemia can 
be caused by THUDS: 

TIP 

Hypertension (malignant) 

HUS 

Pic 

Sle 


Microangiopathic Anemia 

Mechanical trauma caused by narrowed vessels leads to intravascular hemo¬ 
lysis seen in disseminated intravascular coagulation (DIG), thrombotic throm¬ 
bocytopenic purpura (TTP), hemolytic-uremic syndrome (HUS), SLE* or 
malignant hypertension. 

Presentation 

Related to clinical syndrome causing hemolysis. Hemolysis is usually clini¬ 
cally irrelevant except in 'I TP and IIUS. 


Diagnosis 

Schistocytes (helmet cells) on PBS. 


Cardiac Traumatic Hemolytic Anemia 

Shear stress due to the turbulent blood flow' and abnormal pressures that 
occur with prosthetic valves leads to RBC damage. 


Anemia of Decreased Red Blood Cell Production 



FLASH BACK 


Subacute combined 
degeneration of the spinal cord: 
Vitamin B 12 deficiency leads to 
demyelination of the dorsal and 
lateral columns of the spinal cord. 
As a result, patients exhibit ataxia, 
hyperreflexia, and decreased 
position and vibration sensation. 


Megaloblastic Anemia 

Deficiency in vitamin Bp or folate (coenzymes in DNA synthesis} leads to 
delayed DNA replication, although cytoplasmic maturation is normal 

Vitamin Bp deficiency can be caused by: 

Decreased intake (especially in vegans). 

Impaired absorption (pernicious anemia, gastrectomy, malabsorption* 
ileal resection, Diphyllobothrium latum /fish tapeworm infection, 
blind loop syndrome, broad-spectrum antibiotics). 

Increased requirement (pregnancy, hyperthyroidism). 

Folic acid deficiency can be caused by: 

Decreased inlake (alcoholics). 

Impaired absorption (sprue* phenytoin, oral contraceptives). 

Increased loss (hemodialysis). 

Increased requirement (pregnancy, infancy, increased hematopoiesis). 
Folic acid antagonist chemotherapy. 

Presentation 

Anemia; subacute combined degeneration of the spinal cord in vitamin Bp 
deficiency. 



KEY FACT 


Use Schilling's test to check if 
vitamin deficiency is related to a 
lack of intrinsic factor. 


Diagnosis 

PBS may show pancytopenia, oval niacrocytosis, and hvpersegmented neu¬ 
trophils (> 5 lobes); hone marrow shows megaloblastic hyperplasia. Vitamin 
Bp and folate levels can be measured. 

In pernicious anemia, anti-intrinsic factor antibodies are present and 
Schillings test shows that the absorption of vitamin Bp improves by 
administration of intrinsic factor. 








Treatment 


Requires vitamin Bp and/or folate supplementation. 


Iron Deficiency Anemia 

Iron is necessary for the production of heme: therefore iron deficiency 
decreases the O-reaming capacity of RBCs, Deficiency can be caused by: 

Increased requirement: Pregnancy, infants, and preadoleseents. 

Dietary deficiency: Exclusively breast-fed infants after 6 months of age, 
elderly. 

Chronic blood loss: Menorrhagia, gastrointestinal bleeding. 


Presentation 

Pallor, fatigue, angina pectoris in persons with CAD, gastritis, glossitis, koi- 
lonycliias (spooning of nails), can be associated with Plummer-Vinson syn¬ 
drome (upper esophageal web). 

Diagnosis 

Decreased hemoglobin and hematocrit. Peripheral smear shows micro¬ 
cytic, hypochromic RBCs. Laboratory studies reveal decreased serum iron, 
increased total iron-binding capacity (TIBC), and decreased ferritin. 

Treatment 

Relieved by iron supplementation. 



KEY FACT 


Lab findings in iron deficiency 
anemia: 

i TIBC 

1 serum iron, ferritin 


Anemia of Chronic Disease 

Chronic inflammatory or neoplastic disease reduces production of erythro¬ 
poietin as a result of cytokine release. Usually characterized by marrow hypo- 
proliferation and impaired iron reuLilization. r typical causes include: 

Chronic infections: Osteomyelitis and bacterial endocarditis, among 
others. 

Chronic immune disorders: Rheumatoid arthritis. 

Renal disease. 

Neoplasms: I lodgkin s disease and lung carcinoma, among others. 


Presentation 

Symptoms of the chronic disease along with mild anemia (fatigue, pallor). 

Diagnosis 

Decreased hemoglobin and hematocrit; peripheral smear may show micro¬ 
cytic, hypochromic RBCs or normocylic, normochromic RBCs; decreased 
scrum iron, decreased TIBC, increased ferritin, and abundant iron stored 
in marrow macrophages. 

Treatment 

Anemia mav be resolved bv administering erythropoietin and treating the 
underlying condition. 



KEY FACT 


Lab findings in anemia of chronic 
disease: 

l TIBC 
i serum iron. 

T serum ferritin, iron stared in 
macrophages. 


Prognosis 

Overall prognosis depends on the underlying condition. 












w - 

FLASH BACK 
___ __ 


Aplastic anemia is a common 
adverse effect of chloramphenicol; 
it may or may not reverse with 
discontinuation of the drug. 


Aplastic Anemia 

Pancytopenia characterized by severe anemia, neutropenia, and thrombo¬ 
cytopenia. Failure or destruction of multi potent myeloid stein cells leads to 
inadequate production or release of differentiated cell lines. Common causes: 

Idiopathic (inmiiinc-inedialed). 

Radiation. 

Chemicals: Benzene. 

Drugs: Chloramphenicol, sulfonamides, alkylating agents, anti malarial 
drugs, anti metabolites. 

Viral agents f parvovirus BI9, F.BY, HIV, HGV). 

Fancnni s anemia. 

Presentation 

Onset usuallv gradual: 

Anemia —» fatigue, malaise, pallor. 

Thrombocytopenia —> purpura* mucosal bleeding, pelechiac. 

Neutropenia —> infection. 


DIAGNOSIS 

CBC: Decreased RRC. WBC* and platelet count. 

Marrow biopsy: Ilypoccllular bone marrow (see f igure 4-12), decreased 
eryllirocytie and granulocytic precursors, decreased megakaryocytes, and 
fatty infiltration. 

Peripheral smear: Pancytopenia, normochromic, normoeylre. no reticulo¬ 
cytes is* and no splenomegaly. 

Treatment 

Withdrawal of offending agent. 

Immune therapy: Antilhymocytc globulin, cyclosporine. 

Allogenic bone marrow transplantation. 

RBC and platelet transfusion. 

C-CSF. CM-CSF. 


Prognosis 

If adverse effect of drug, withdrawal may lead to recovery. 
If idiopathic, poor prognosis. 



figure 4-12, Bone marrow biopsy of aplastic anemia. N*>lc hypoed1 11 lor I nnw 1 tinrr<nv. 

decrease in erythrocytic and granulocytic preen,sors and imgakiiryocytes, and fully iufillrahoN. 

I Reproduced, with permission from l.iehtimm MA, Hcutlcr lv. Kipps I). d oL. Williams Hema¬ 
tology. Till ed New York: MeGnm-I till, 2006: 42>.) 






Pure Red Ceil Aplasia 

Rare form of marrow failure affecting ervthropoicsis but not granulopoiesis or 
thrtnnbopoiesis. Causes include: 

Primary (possible autoimmune mechanism). 

Secondary to neoplasm (thymoma, leukemia of large granular 
lymphocytes). 

Presentation 

Fatigue, pallor, malaise. 

Diagnosis 

CBC and peripheral smear show decreased RBCs, Marrow biopsy shows 
decreased erytlmml precursors, Reticulocyte count often < 0.1%. 

Treatment 

Resection, immunosuppressive therapy, and/or plasmapheresis. 

Prognosis 

If secondary lo thymoma, resection of neoplasm may lead to resolution; other 
treatments may lead to improvement. 

Myelophthisic Anemia (Leukoerythrobiastosis) 

Destruction oi bone marrow or disturbance of marrow architecture because 
of space-occupying lesion leads lo decreased production ol RBCs and otiicr 
blood elements. Often accompanied by reactive fibrosis which can lead to 
release of precursor cells into blood. Caused by: 

Metastatic cancer From breast, lung, prostate, thyroid, or adrenals. 
Multiple myeloma. 

Leukemia. 

Osteosclerosis. 

Lymphoma. 

Myelofibrosis, 

Presentation 

Fatigue, malaise, pallor, infection, mucosal bleeding, pelecbiae (sec Figure 
4-1?), purpura; symptoms of underlying cause. 



FIGURE 4-11* Petechiae, (Reproduced, with permission, from Liclilnian MA* Rentier K. 
Kipps T), ct al.. Wiliams Hematology, 7tlt ed, New York: McGraw-Hill, 2006: Figure XXV-32*} 
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Diagnosis 

Peripheral smear shows leukoeiythroblastosis i immature red and white cells); 
bone marrow biopsy shows tumor cell infiltration, compressed marrow ele¬ 
ments, and possible reactive fibrosis, 

Prognosis 

Depends on prognosis of underlying cause. 


POLYCYTHEMIA/ERYTHROCYTOSiS 



KEY FACT 


Relative polycythemia is caused by 
decreased plasma volume. 
Absolute polycythemia is caused by 
increased total red cell mass. 


Inc reased concentration of RBCs can be: 

Relative: Due to decreased plasma volume (volume contraction). Caused by 
11,0 deprivation, prolonged vomiting, diarrhea, or diuretics. 

Absolute: Increased total red cell mass: 

Primary: 

Intrinsic abnormality of myeloid stem cells: Polycythemia vera. 
Congenital: Mutation of erythropoietin receptor leads to increased 
sensitivity. 

Secondary: 

Increased levels of erythropoietin. 

Physiologic: Lung disease, high altitude, evanotie heart disease. 
Erythropoietin-secreting tumors: Renal cell carcinoma, hepato¬ 
cellular carcinoma, cerebellar hemangioblastoma, 


Presentation 

Varies depending on cause; may include: 

Cyanosis due to stagnation of blood in peripheral vessels. 

Thrombotic phenomena: DVT, Ml, stroke, Ilndd-Chiari syndrome, and 
bowel infarction. 

Bleeding phenomena: Hemorrhagic strokes, cpistaxis, bleeding gums; 
hypertension, headache, dizziness, and Cl symptoms. 


Diagnosis 

Increased hematocrit and increased red cell volume in absolute erythrocylo- 
sis; bone marrow biopsy if polycythemia v era. 

Prognosis 

Varies based on cause. 


HEMORRHAGIC DISORDERS 


Result from a variety of conditions. Some cun be caused by abnormalities of 
vessels and platelets, some by imbalances in clotting factors* and others h\ 
both (see 'Fable 4-4). 

Vessel Wall Abnormalities 

Disruption of the vessel wall leads to hemorrhage* Causes include: 

Scurvy: Vitamin C deficiency results in collagen abnormality and 
decreased wall strength* Gingival hemorrhages, bleeding into muscles and 
subcutaneous tissue* and cutaneous peteclnae around hair follicles are 
common. 
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Table 4*4. Causes of Hemorrhagic Disorders 

i im nnifmirnytjtftuttunmimcnJJfn^w^uiiuftm-UmumMMWw^waixmiurrri h im mi h i n mimiwtr. .i w * = ‘ mymttYtrtrrprw/^itnuii innrrmviw tttutmiiit nmrnmj iiji 

Primary Secondary Combined 

(Related to Vessels and/or Platelets) (Related to Clotting Factors) (Related to Platelets and Clotting Factors) 

Vessel wall abnormalities Hemophilia A 

Platelet disorders Hemophilia B 

Thrombocytopenia Vitamin K deficiency 

Idiopathic thrombocytopenic purpura 
Drug-induced 
HIV-associated 

Thrombotic microangiopathies 

Platelet function abnormalities 

Von Willebrand's disease 
Bernard-Soulier disease 
Aspirin 

Clanimann's thrombasthenia 


Von Willebrand's disease 
Die 

Liver disease 
Ditut tonal 


Elilers~Danlos syndrome: Inherited collagen and/or elastin abnormality 
leads to decreased vessel wall strength, hyperehisticity of skin, Iiypermobil- 
ity of joints, and tissue fragility. 

Cushing's syndrome: Protein wasting leads to loss of perivascular support. 
Aging: Atrophy of collagen leads to decreased wall strength. 
Henoeh-Sclionlein purpura: Hypersensitivity vasculitis (often associated 
with upper respiratory infection) results in immune complex deposition on 
vessel walls. Symptoms include palpable purpura, polyarthralgias. Fever, 
painful focal Cl hemorrhages, and acute glomerulonephritis. 

Hereditary hemorrhagic telangiectasia (Osler-Weber-Rendu syndrome): 
Autosomal dominant mutation leads to dilated, tortuous blood vessels with 
thin walls in skin and mucous membranes, 

Waldenstrom's macrnglobulinemia: llyperviscous blood damages vessels. 
Amyloidosis: Deposition of amyloid in vessel walls. 

Infections: Meningoeoeeeinia, septicemia, infective endocarditis, riekettsi- 
osis, and others lead to vasculitis and/or DIG, 

Presentation 

Usually mild (peteelnac, purpura in skin, or mucous membranes): occasion¬ 
ally more severe (hemorrhages into joints and muscles, menorrhagia, epistaxis, 
G! bleeding, hematuria). 

Diagnosis 

Platelet count, prothrombin time (PI ), and partial thromboplastin time 
(PTT) arc usually normal. Bleeding time is occasionally prolonged. 

Note: Platelet function analyzer iPFA)-100 test has replaced bleeding time in 
many institutions. 

Prognosis 

Depends on specific cause. 
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Hepann-induced thrombocytopenia 
(HtT); 

« Type I occurs rapidly and is 
clinically insignificant, resulting 
from platelet aggregation. 

■ Type I) develops after 
5-14 days; life-threatening 
thrombosis; immune reaction 
against complex of heparin and 
platelet factor IV. Can occur 
earlier if previously exposed to 
heparin. 



KEY FACT 


DIG laboratory findings: 

T PT, PTT fibrin, fibrin split products, 
thrombin time, and bleeding 
time. 

i platelet count. 



KEY FACT 


Laboratory findings in 
thrombocytopenia; 

i platelet count 
T bleeding time 

No change in PT and PTT. 


Thrombocytopenia 

Reduction in number of platelets leads to decreased ability to form clots. 
Results from decreased production, decreased survival, sequestration, and 
dilution of platelets. Specific causes include: 

Bone marrow diseases such aplastic anemia and acute leukemia. 

Drugs: Alcohol, quinidine, heparin, sulfa, cytotoxic drugs, and thiazide 
diuretics. 

Infections such as measles, HIV, infectious mononucleosis, CMY, Hue* 
mophilm influenzae tvpe B. 

Hypersplenism leads to sequestration of platelets. 

Transfusions result in dilution of platelets and dotting factors; may addi¬ 
tionally lead to destruction of platelets. 

Systemic lupus erythematosus. 

Disseminated intravascular coagulation: Activation of coagulation cas¬ 
cade leads to micro thrombi and consumption of platelets and coagula¬ 
tion factors (especially II, V, VIII, and fibrinogen); characterized by both 
thrombosis and hemorrhage; results from the release of tissue thrombo¬ 
plastin or activation of the intrinsic pathway. 

Common causes: Obstetric complications (toxemia, amuiotic fluid 
emboli, retained fetus, or ahruptio placentae), grain-negative sepsis, 
transfusion, trauma, malignancy (especially of the lung, pancreas, pros¬ 
tate, and stomach), acute pancreatitis, nephrotic syndrome. 

Diagnosis: Increased PT, PTT, fibrin, fibrin split products (O-dimers), 
thrombin time, and bleeding time; decreased platelet count. Hel¬ 
met-shaped cells and schistocytes seen on blood smear occasionally. 
Prognosis: Can lead to organ damage and shock; poor prognosis. 
Treatment: Treat underlying cause and give supportive therapy. 
Idiopathic thrombocytopenic purpura: Thrombocytopenia with normal 
or increased megakaryocytes. Antiplatelet antibodies attach to platelets 
and lead to removal by splenic macrophages. No splci ion legal v. 

Children: Acute, self-limited reaction to viral infection or immuniza¬ 
tion; treat only if severe. 

Adults: Chronic, autoimmune condition; occurs more often hi 
females; treat with steroids and/or splenectomy. 

Thrombotic microangiopathies: Result from hvaliuc microtiirombi 
(platelet aggregates surrounded by fibrin) leading In thrombocytopenia 
and microangiopathic anemia (PBS shows schistocvtcs and helmet cells). 
Thrombotic thrombocytopenic purpura: Usually in adult females; 
also includes fever, transient neurologic deficits, and renal failure; 
increased LDH. 

HUS: Usually in children following Escherichia coli 0157:117 infec¬ 
tion; dominance of acute renal failure rather than neurologic deficits. 

Presentation 

Characterized by bleeding from small vessels which leads to petechial, pur¬ 
pura!, mucosal, and intracranial hemorrhage. Platelet count below 10(1,(101)/ 
mm 5 is considered pathologic, though spontaneous bleeding does no! ty pi¬ 
cally occur until the platelet count falls below 20,000/nvm\ 

Diagnosis 

Decreased platelet count is the main diagnostic finding. 

Prolonged bleeding time occasionally seen: often will be normal and 
rarely used in diagnosis. 

Bone marrow aspiration: Megakaryocytes increased if decreased platelet 
production, decreased it increased platelet destruction; usually not per¬ 
formed. 
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Prognosis 

Varies with underlying cause. 

Platelet Function Abnormalities 

Qualitative platelet dysfunction that takes place in the setting of normal plate¬ 
let counts. Caused by: 

Defects in platelet adhesion: 

von Willebrand s disease: Most common hereditary bleeding disor¬ 
der: autosomal dominant dcficiencv of von \\ illebrand s factor (vWK) 
which normally carries factor Mil and mediates adhesion of platelets 
to endothelium in vascular injury; disease is characterized by: 

Impaired adhesion —> prolonged bleeding time. 

Mild quantitative deficiency of factor Mil —» prolonged aFIT, 
Bemard-Soulier disease: Autosomal recessive disorder in which plate¬ 
lets arc abnormally large and lack platelet-surface glycoprotein lb 
which is needed for platelet adhesion. 

Defects in platelet aggregation: 

Aspirin: Aectylatcs and inactivates cyclooxygenase (COX), an enzyme 
necessary for the production of thromboxane A2, a platelet aggregant. 
Clan/Tiiann s thrombasthenia: Hereditary deficiency of platelet- 
surface glycoproteins Ub and Hla, which arc required for forming 
fibrinogen bridges between platelets. 

Presentation 

Mucocutaneous bleeding. 

Diagnosis 

Laboratory tests (PT, PTT, bleeding time, platelet count ). 

Prognosis 

Depends on underlying cause. 

Clotting Factor Deficiencies 

Lack of clotting factors leads In bleeding, especially from larger vessels. 'These 
deficiencies are described below. 

Hemophilia 

X-linked deficiency of factor VTTf; also known as classic hemophilia. 

Hemophilia B 

Xdinked deficiency of factor IX; also known as Christmas disease. 


Vitamin K Deficiency 

Leads to deficiency of factors II, VII, IX, X, and proteins C and S. In adults, 
caused by fat malabsorption due to pancreatic or small-bowel disease. In 
infants, caused by deficient exogenous vitamin K {not present in breast milk) 
and incomplete intestinal colonization by bacteria that synthesize vitamin K. 

liver Disease 

Hepatocellular damage prevents the production of all coagulation factors 
except v\VF t as thev are exclusively formed in the liver. Liver disease may lead 
to hyperspienism and overt thrombocytopenia. As a result. PT, PTT, throm¬ 
bin time, and bleeding time arc prolonged. 




FLASH BACK 


Clotting cascade physiology: 
vWF carries factor VIII and 
mediates platelet adhesion to the 
endothelium. 



KEY FACT 


Von Willebrand's disease: 
T bleeding time 
TaPTT 



Aspirin: Inhibition of COX-1 and 
COX-2 prevents the conversion 
of arachidonic acid to various 
prostaglandins. It is therefore used 
to treat fever, inflammation, and 
prevent consequences of clot 
formation. 



FLASH BACK 


Partial thromboplastin time: 

Assesses intrinsic and common 
pathways; prolongation due to 
deficiency of factors V, Vlll r IX, 

X r XI, XII, prothrombin (II), and 
fibrinogen (I). 



FLASH BACK 


Prothrombin time: Assesses 
extrinsic and common pathways; 
prolonged due to deficiency of 

factor V, VII X, prothrombin (ll) r 
or fibrinogen (I), 










TABLE 4*5, Laboratory Findings in Bleeding Disorders 



Platelet Count 

Bleeding Time {PFA-10Q test) 

PT 

PTT 

Thrombin Time/Fibrinogen 

Vessel abnormalities 

- 

T 

- 

- 

- 

Thro m bocytopenia 

i 

T 

- 

- 

- 

Qualitative platelet defects 

- 

T 

- 

- 

* 

Hemophilia A and B 

- 

- 

T 

- 

- 

Vitamin K deficiency 

“ 

- 

T 

T 

- 

Von Willebrend's disease 

- 

T 

f 

- 

- 

DIC 

i 

T 

r 

T 

T 

Liver disease 

i 

r 

+ 

t 

T 

Multiple transfusions 

i 

t 

T 

1 

t 




Presentation 

Macrohemorrhage leads to hemarth roses (bleeding into joints), easy bruis¬ 
ing, and large hematomas rather than petechiac. 

Diagnosis 

For hemophilia, family histone laboratory test results for \ Y \\ aPTT, and 
thrum Inn time (see Table 4->), 

Treatment 

Vitamin K or fresh frozen plasma. 

Prognosis 

Depends on severity and type of condition. 


WHITE CELL DISORDERS 


Leukopenia 

Decreased white blood cell count. Can reflect neutropenia/granulocytupenia 
(decreased number of neutrophils) and/or lymphopenia (decreased number 
of lymphocytes). 

Neutropenia can result from: 

Decreased production: 

Aplastic anemia. 

Certain adverse drug reactions. 

Inherited conditions. 

Increased destruction: 

Immunologic disorders. 

Certain adverse drug reactions. 

Splenic sequestration. 

Reduction in numbers due to overwhelming infection. 
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Lymphopenia may result from: 

HIV. 

Steroids. 

Cytotoxic drugs. 

Viral infections. 

Malnutrition. 

Presentation 

Neutropenia: Bacterial or fungal infections: malaise, chills, and fever; 
other signs of specific infections. 

Lymphopenia: Viral infections. 

Diagnosis 

CBC with WBC count and differential. 



KEY FACT 


Drugs that can cause neutropenia or 
agranulocytosis: 

■ Chloramphenicol 

■ Sulfonamides 

■ Chlorpromazine 

■ Carbamazepine 
* Clozapine 

■ Colchicine 

■ Alkylating agents 

■ Antimetabolites 


Prognosis 

Depends on degree of reduction in number of cells and cause. 

Reactive Proliferation 
Leukocytosis 

Increased number of while blood cells, usually due to infection or 
inflammation. 

Neutrophilic —> Bacterial infection. 

Eosinophilic —»Allergies, parasitic infections, drugs. 

Lymphadenitis 

Increased number of white blood cells in lymph nodes (see Figure 4-14), usu¬ 
ally due to infection or inflammation; for example: 

Infectious mononucleosis: F.BV, especially in young adults, infects If lym¬ 
phocytes and leads to generalized Ivmphadenopathy. It is characterized by 
atypical lymphocytes, anli-EBV antibodies, and heteropliilc antibodies. 
It can he associated with sore throat, fever, and hepatosplcuomcgnlv, and 
is usually self-limited. 



FIGURE 4-14. Normal (A) and reactive (B) lymph nodes. (Reproduced, is it 1 1 permission, from Liclilman M V. Rentier l.. Kipps TJ. 
et at., Williams Hetntffo/ogy. “lit cd, \ov York: McGraw-Hill. Plates XXII-1 anti XXII-v) 
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Neoplastic Proliferation 

Neoplastic proliferation of white blood cells can be classified in many differ- 
enl wavs. 



KEY FACT 

1_ 


Lymphoma = Proliferation in the 
form of a mass, often tn the lymph 
nodes; divided into Hodgkin's and 
non-Hodgkin's 



KEY FACT 


Leukemia — Proliferation in the bone 
marrow and bloodstream; divided 
into acute versus chronic and by 
myelogenous versus lymphocytic 


Lymphoniiis sire proliferations that form a mass, often located in the lymph 
nodes. These can he divided mtn Hodgkin's lymphomas w ith characteristic 
Reed-Stern berg cells, and nou-l lodgkiiA lymphomas (NIILs). NHLs can 
be elnssihed by clinical behavior (low-, intermediate-, or high-grade), by nod¬ 
ular versus diffuse (follicular lymphoma is the only nodular type), bv cytology 
of small vs huge cells, and by cell of origin. 

Leukemias involve flic malignant spread of granulocytic or lymphocytic pre¬ 
cursors tn the hone marrow and the circulation. Cells also frequently infiltrate 
liver, spleen, and lymph nodes. Tlie\ can be separated into acute and chronic 
leukemias (see Figure 4-15), Acute forms involve blasts (immature cells), 
affect children or the elderly, and have a short and drastic course. Chronic 
forms usually have more mature cells proliferating, affect people in mid-life, 
and have a lunger and less devastating course. Leukemias can also be classi¬ 
fied by whether they involve lymphocytic or myelogenous cell types. Often, 
marrow failure can cause anemia, infections, and hemorrhage by reducing 
the numbers of RBCs, WBCs, and platelets, 

Hodgkin's Lymphoma 

Malignant proliferation of white blood cells featuring characteristic Reed- 
Stemfaerg cells (bi- or multinucleated giant cells with eosinophilic nucleoli 
or "owl eyes"; of CO 10+ and GDI 5+ B-cell origin) in addition to reactive 


lymphoid 
siern cell 


t 


H&maropdetlc 
stem coll 

Myeloid 
filem coll 


Proliferating 
" undifferentiated" cells 

Mature 
coll types 

Acute 

leukemias 

FAB 

classification 

Chronic 

leukemias 


f —-* ^jj^T lymphoblast 

Nonmarking 

P lymphoblast 

T lymphocytes 

ALL-T 

12 

Senary 

syndrome 

caj 


ALL-null 

ALL-common 

Lt 


B lymphoblasi 

- >mV Monoblast 

0 lymphocytes 

ALL-0 

L3 

CLLB 

Monocytes 

Acute 

monocytic 

M5 

(Chrome 

monocytic) 

i 

- ► CFU-GM 

- — - Myeloblast 

ffl)CFU'S (myeloid slum cell) 

— —► CFU-Eos myoihbVs&t 

>-*■ CFU-EnormoWast 

_* m CFU - 

WBp megakaryoblast 


Acute 

myelamonocytrc 

M4 

(Chronic 

myeJomono- 

Neutrophils and 
basophils 

AML 

PnomyekJcyTic 

M2 

M3 

CML 


AML 

Ml 

Potycythemta 
rubra vora 
CML 

Myelofibrosis 

Eosinophils 



(Eosinophilic) 

Erythrocytes 

Acute 

erythroleukemia 

M6 

(Chronic 
cry Hi raid) 

Megakaryocytes 
and platelets 

Acute 

megakaryocylic 

leukemia 

M7 

idiopathic 

ihrambo- 

cy Thermo 


Lymphocytic 

leukemias 


Myeloid 

leukemias 


CFU CoiociHwnwig unrt A Ml AcirtO niyeto&ASOc touAnmifl ALL Aorto JyrnpttoE&itiic loukfrrrun 

QM GTamilbcyiQ-monacyte CML Chmnle myelocytic kiufc&fntf CU-Cfwonlc lyn^h^cylic loykomlq 

E Eiylhrocylo Leukemia* m (WendTes-nfl (] atp r-iro 

Coo Eoilncptiil 


FIGURE 4 - 1 $, Leukemia classification. ( Modified, with permission, from ClmiidTasniiia I 1 , Miiylor (M L Concise Pathology, ird ed, 
Stamford, CMAppleUni & Lange, 1908: 410,) 








































KEY FACT 


lymphocytes {sec Figure 4-16). The majority of cases can be cured. There are 
four histologic variants: nodular sclerosing, mixed cellularih; lymphocyte 
predominant, anti lymphocyte depleted (see Figure 4-17 and Table 4-6), 

Presentation 

Constitutional (“B”) symptoms: Low-grade fever, night sweats, and weight 
loss often present. Typically presents with painless mediastinal lymphade- 
nopnihy. About half of eases arc associated with EBY infection. Age distri¬ 
bution is binmdal (yourig and old). All types affect men more than women 
except for the nodular sclerosing hpe, which affects women more. Spread is 
contiguous. 

Diagnosis 

Based on biopsy. 

Treatment 

Chemotherapy; radiotherapy. 

Prognosis 

Staging, the best predictor of prognosis, is based on the number of lymph 
node regions involved, involvement of extra lymphatic sites, and extent of dis¬ 
semination. Because of the high rate of cure due to chemotherapy and radio* 
therapy, survivors often develop secondary cancers. 





Hodgkin's 

Non-Hodgkin's 

Reed-Stetnberg 

No Reed- 

cells 

Stern berg 


cells 

Single groups of 

Multiple groups 

axial nodes 

of peripheral 


Contiguous 

spread 

Noncontiguous 

spread 

Constitutional 

symptoms 

Fewer 

constitutional 

symptoms 

Bimodal (young 

Usually seen in 

and old) 

those 20-40 


years old 


Non-Hodgkin's Lymphoma 

Malignant lymphoid proli feral inns of B cells (and occasionally T cells). Often 
these cases arc associated with II1Y and immunosuppression. Cells arc often 
located in multiple groups of nodes, and extra nodal involvement is common. 
Spread of malignant cells is noncontiguous. Can be classified by clinical 
behavior (low*, intermediate-, or high-grade), by nodular versus diffuse (fol¬ 
licular lymphoma is I he only nodular ty pe), and by cy tology of small v ersus 
large cells. 

Presentation 

hyniphadcnnpailn in multiple groups of peripheral nodes. Constitutional 
symptoms occur with less frequency than in f lodgkin’s lymphomas. 



FIGURE 4*16. Reed-Slernberg cells, (Kt a |irotlumL vv illi permission, from I .it I it nun i \\\ 
IJciitlci K, Kipps TJ, i t ,iL Williams Hematology* cd. Wu York: McGraw-Hitt, Plate 
XXIM2.) 



















FIGURE 4*17, Histologic types of Hodgkin's lymphoma. I A) Nodular sclerosing; ( B) mixed ecllnlarity; (C) hmphocyte predomi¬ 
nant. t Reproduced, with permission, from Liclitman MA. Rentier E, Kipps TJ, ct at. William* flrmafo/ogy, “th ed, New York: McGraw- 
Hill. 2006: Plates XXIMx XXT146, XXI147.) 


Diagnosis 

Bused on clinical presentation ami histologic findings on biopsy (see liable 4*7 
and figure 4-18 for histologic classified inns). 

Prognosis 

Depends on type. While average survival is better in low-grade lymphomas, 
they arc rarely cured. Follicular lymphomas have better survival rates than 
diffuse forms. Small-cell lymphomas have a better prognosis than large-cell 
types. 



KEY FACT 

i_ 


Mycosis lungoides is in the skin. 
S6zary syndrome is in the blood. 


Cutaneous T-Cell Lymphomas 

Neoplastic mature T cells proliferate in the dermis and epidermis in mycosis 
fun guides (see Figure 4-19). In a second, leukemic form of the disease known 
as Sczary syndrome, neoplastic cells circulate as well as concentrating in the 
skin. 

Presentation 

Erythematous lesions develop on the skin in the inflammatory preniycotie 
phase, progress along a typical path to the plaque phase, and finally to the 
tumor phase. 
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TABLE 4 - 6. Histologic Types of Hodgkin's Lymphoma and Their Characteristics 


Type 

I , «TJ ‘luitturtillllf tllltttll 1 HUH If 111 Ml 1 11 r J till1III 

No, OF Reed- 

Sternberg 

Prevalence Cells 

ii Mimi Jtmm**nt*En!***a 

No, OF 

Lymphocytes 

sujtuijjjmtfmin i mu min 

Prognosis 

Nodular sclerosing 

More common in women than men 

Cells are grouped into nodules surrounded by fibrous bands. 
Usually located in cervical, supraclavicular, or mediastinal nodes. 
Lacunar cells (Reed-Sternberg nucleus surrounded by empty 
space). 

Can be related to EBV infection, 

Most 

common 

(70%) 

+ 

+++ 

Excellent 

Mixed celJularity 

Typically seen In young males. 

Also often related to EBV Infection. 

Complete effaeement multiple nodes. 

Eosinophils, plasma cells, histiocytes, and Reed-Stemberg cells 
with regions of fibrosis 

25% 

+-H-+ 

+-H* 

Intermediate 

Lymphocyte predominant 

Lymphocytes and histiocytes 
<35-year~old males 

Popcorn cells (Reed-Sternberg cells) 

6% 


++++ 

Excellent 

Lymphocyte depleted 

Few lymphocytes with large number of Reed-Sternberg cells and 

fibrosis 

Older males with disseminated disease, HIV patients 

Rare 

High + 

relative to 

lymphocytes 

iMwtituinu i ir iii iiiiifi iitrnif iri 11 mrrmim. riiHMiranw 

Poor 

t»in riririmmnurtmmirm 


Diagnosis 

Biopsy reveals CD4+ T cells with characteristic cerebrifonu nuclei proliferat¬ 
ing in the dermis. Often there are focal concentrations of neoplastic cells in 
the epidermis known as Pan trier's microabscesses. 

Prognosis 

Indolent, median survival of 8-9 years; can progress to diffuse large-cell 
lymphoma* 

Acute Lymphoblastic Leukemia 

Neoplasm of lymphoblasts (immature B or 1' cells). 

Presentation 

Prc-B cell leukemias usually affect children* Pre-T cell leukemias often 
occur with lymphoblastic leukemia; typical clinical picture is an adolescent 
male with a mediastinal mass. Onset is sudden, and patients usually pres¬ 
ent within days or weeks of symptom onset. Marrow failure usually results in 
fatigue, infection, and bleeding due to anemia, neutropenia, and thrombocy¬ 
topenia. Bone pain, lymphadenopulhy, splenomegaly, hepatomegaly, menin¬ 
geal spread, and testicular spread arc also common with acute lymphoblastic 
leukemia (ALL). Relapses often in tfie CNS and testis. 





















TABLE 4-7. Histologic Types of Non-Hodgkin's Lymphoma and Their Characteristics 


4imMi?nimixnnifm»iiiim.iitHMtr mmjminngjminniHHuBan 

Type 

Epidemiology 

Cell Type 

nit tint t iti nfttffft nirmnuri 11 11 mi iimiirimiifMWf faint 

Grade Genetics 

Histology 

Small lymphocytic lymphoma 

Like a focal mass of chronic 

lymphocytic leukemia. 

Richter's syndrome or 
prolymphocytic transformation 

into diffuse B-cell lymphoma occurs 
in a quarter of cases. 

Adults 

B 

Low 


Small, mature looking 
lymphocytes; lymph 
nodes are effaced. 

Follicular lymphoma (small cleaved 
cell) 

Most common adult form; indolent 

and difficult to cure* 

Adults 

B 

Low 

t(14;18), 

translocation of 
bd-2 to Ig heavy 
chain locus on 

chromosome 

14 leads to 

overexpression 
and prevents 
apoptosis. 

Angulated grooved 
cells typical of those 
in normal lymphoid 
follicular center; 
arranged in nodules* 

Diffuse large cell 

Often presents with extranodal mass. 
Aggressive, but about half are curable* 

Adults: 80%; 

children; 20% 

B; 80%; 

mature T: 

20% 

Intermediate 



Lymphoblastic lymphoma 

Most common child form* 

Very aggressive; 80% cured, but high 
relapse rale* 

Often presents with acute 
lymphocytic leukemia and 

mediastinal mass. 

Children and 

adults 

Immature T 

High 


Cell nuclei appear 
convoluted; arise 
from thymic 
lymphocytes. 

Burkin's lymphoma 

Associated with EBV 

Very rapidly growing mass. 

Jaw involvement common in endemic 

African form. 

Pefvic/abdominal involvement often 

occurs in sporadic form* 

mwmmpuBPii—i i ■ iwwtwiiwT4Ha— 

Children and 

adults 

HHMiiMliiirrimiitumifn I lit 

B 

High 

t{8;14), c-myc 
overexpressed 

once moved next 

to heavy-chain Ig 
gene on 14. 

Starry-sky 

appearance (sheets 
of lymphocytes 
with interspersed 
non-neopfastic 
macrophages). 


Diagnosis 

Based on peripheral smear and bone marrow biopsy* Cells have condensed 
chromatin, minimal cytoplasm, and no granules I see Figure 4-20), Surface 
markers are also assessed to different Sale from acule myeloid leukemia. 

Treatment 

C iicin otli craps. 
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FIGURE 4 * 16 , Histologic types of non-Hodgkin's lymphoma, V) SLIr B l follicular lymphoma (small cleaved cell ): (C l diffuse 
large tell; (D) l.vmpliablaslic lymphoma: 1F) Burkill s lymphoma, (Parts A and G-K reproduced, with permission, from Lichtman MA, 
Bentier K. Kipps TJ. d ul. Williams Hematology* 7th ei New York: XkC.rawd lill. 2006: Plates XXIHO. XXI1-22. XXH-S, XXI1-25; Part 
B reproduced, with permission, from Fauci AS, Brnutiwaltl F. Kasper DI#, el aL eds. IJcmiswA Prine/p/iwo/ hrfenitf/ A lcdicine t 17tli cd. 
New York: McGraw-Hill* 2008: Figure 105*7,) 


Prognosis 

Almost nil patients go into remission after chemotherapy, and in children 
about two-thirds are cured. This leukemia is the most responsive to therapy. 
Prognosis is worst for those under age 2 T those who present in adolescence or 
later, and those with ttie Philadelphia translocation, 1(9:22), 

Chronic Lymphocytic Leukemia 

Neoplastic proliferation of lymphoid cells, usually CD5+ B cells. This disease 
is the same ns small lymphocytic lymphoma (SLL) except that the majority 
of the neoplastic cells in CLP arc in the circulation and marrow as opposed 
to only nodal or extra no dal masses. Cells do no I differentiate into antibody- 
secreting plasma cells. 
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FIGURE 4-19* Mycosis fungoides, (Image courtesy of PLIII Digital Library 
(hUp://peir.ticf].) 



figure 4*20* Peripheral smears of leukemias* (A) Acute lymphoblastic leukemia. Lymphoblast have condensed chromatin 
with indented nuclei, minimal cytoplasm, and no granules. (B) Chronic lymphocytic leukemia* Small, round lymphocytes are visible in 
peripheral smears. Smudge cells, the result of the fragility of the neoplastic cells, are frequently seen. (C) Acute myelogenous leukemia. 
Myeloblasts with delicate chroma I in* |jcm\idase-ptwitive granules, and abundant cytoplasm compared to lymphoblasts. Cells in AFL often 
contain \uer rods in the cytoplasm, tD) CIVIL. Leukocytosis with a mix of neutrophils, metamyelocytes, and myelocytes, and loss than 
\0% myeloblasts. Kosinopiiilia and basophilia are also common, j Reproduced, with permission, from I, id Oman MA, Rentier L, Kipps TJ, 
d at.. \\Wtitmth>wdtoh&% 7th ed. New York: McCWIIilL 2006: Plates XX-t l, XX-4, XVIA, and XIX-2.) 




Presentation 


Males are affected tw ice as often as females, and the average age of presenta¬ 
tion is 60 years, Patients are often asymptomatic or have nonspecific symp¬ 
toms of weight loss and fatigue. I .ymphadenopathy and hepatosplenomcgaly 
are common. Bacterial infections are common as a result of hypogammaglob¬ 
ulinemia. Auloantibodies that develop in reaction to the tumor cells can lead 
to warm antibody autoimmune hemolytic anemia or thrombocytopenia. 
Prolymphocvtic transformation into diffuse B-cell lymphoma occurs in one- 
quarter of cases. 

Diagnosis 

Small, round lymphocytes are visible in peripheral smears and bone marrow 
biopsies. Smudge cells, the result of the fragility of the neoplastic cells, are 
frequently seen. Some patients may have a monoclonal Ig "spike." 

Prognosis 

Survival is typically 4-6 years. If pmlymphocytic transformation occurs, sur¬ 
vival is less than 1 year. 


Acute Myelogenous Leukemia 

Acquired genetic mutations in stem cells lead to proliferation of undifferenti¬ 
ated myeloid blasts. Also known as acute granulocytic leukemia. Classified as 
arising from myelodysplasia, or dc novo. 


One specific type of acute myelogenous leukemia (AML) is acute promy- 
elocytic leukemia (API.) which results from a translocation of the retinoic 
acid rcceplor-a (RAR-a) gene from chromosome 17 to next to the promyclu- 
cytic leukemia gene on chromosome I 5 |tl I 5;17}(q22;ql2)]. The result is an 
abnormal receptor that prevents cell differentiation and maturation. 

Presentation 

The dc novo form affects adults (1 5-T) years old), but cases arising from 
myelodysplasia usually affect people in the sixlh decade or beyond. Patients 
have symptoms of fatigue, infection, and bleeding because of anemia, neutro¬ 
penia, and thrombocytopenia. 




MNEMONIC 


Acute Promyelocytic Leukemia: 

A pro's engine RARs (roars) al 1715 
my els (miles) per Auer (hour). 


Diagnosis 

Based on peripheral .smear and bone marrow biopsy. Biopsy reveals >20 myel¬ 
oid blasts in marrow. On smear, myeloblasts have delicate chromatin, peroxi¬ 
dase-positive granules* and abundant cytoplasm compared to lymphoblasts. 

Ceils often contain Auer rods (peroxidase-positive cytoplasmic inclusions} in 
1 he cytoplasm, especially in APL Surface markers can be assessed to differen¬ 
tiate from Al >1 


Treatment 

Chemotherapy: high-dose ull-tram-rctinoic acid can overcome I lie blockade 
caused by the abnormal protein in APL with a l( 1 ^:!7} translocation. 

Prognosis 

Chemotherapy is successful in producing complete remission in approxi¬ 
mately 60% of patients; however, more than half of these people have 
recurrence of disease within 5 years. Specific genetic alteration influences 
prognosis. 
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Remission also results in a large portion of patients treated with ull-trms- 
retinoic acid, though relapse almost always occurs. Also of note, treatment of 
APL mav release large numbers of Auer rods, wliich can result in DIG. 


Chronic Myelogenous Leukemia 

Proliferation of plunpotcnt cells producing mvelnid cells which are capable of 
terminal differentiation; also known as chronic myelocytic or chronic granu¬ 
locytic leukemia. Note that this is both a leukemia and a myeloproliferative 
disorder. Production of normal cells is prevented because of overcrowding. 
Cases arc associated with the Philadelphia (Ph) chromosome as the cnibl 
gene is moved from chromosome *■) to 22, next to the her gene. The result is 
a fusion protein. BCR-A0L, with tyrosine kinase aetivily that leads to uncon¬ 
trolled proliferation. 

Presentation 

Insidious onset with non-specific symptoms such as inild anemia and weight 
loss, typically in middle-age patients. Splenomegaly is common. An accel¬ 
erated phase with increasing anemia and thrombocytopenia often occurs 
after approximately 3 years. Whether or not there is an accelerated phase, all 
untreated patients eventually enter a blast crisis with > 20 % blasts on periph¬ 
eral smear, a condition similar In acute leukemia, 


Diagnosis 

Peripheral smear and bone marrow biopsy aid diagnosis, although chromo¬ 
somal analysis or PCR can be used to definitively delect the BGR-ABL fusion 
gene. Leukocytosis with mixed neutrophils, metamyelocytes, myelocytes, 
and absolute basophilia on smear. The marrow is entirely filled with cells, 
especially mature granulocytic precursors. Cam be differentiated from lenke- 
rnnid reactions because leukocyte alkaline phosphatase is not as elevated in 
chronic myelogenous leukemia (CMP), 



Gleevec inhibits BCR-ABL tyrosine 
kinase to decrease proliferation and 
increase apoptosis. 


Treatment 

Glecvec (imatinib mesylate): Induces apoptosis of leukemic ceils; has 
almost completely replaced other therapies. 

Low-dose chemotherapy: Stabilizes early phase, but does not prevent 
accelerated phase and blast crisis. 

Iivtcrfemn-alfa. 

Altogenie bone marrow transplantation: Cures up to 75% of cases, and is 
mast effective in the stable phase. 

Prognosis 

With or without treatment, initial progression is slow until accelerated phase 
and blast crisis. 


Myeloproliferative Syndromes 

Neoplastic proliferation of myeloid stem cells. Includes CML, polycythemia 
vera, and essential thrombocythemia. 

Polycythemia Vera 

Neoplasm at uuilHpotent myeloid stem cells leading to excessive production 
of erythrocytes, granulocytes, and megakaryocytes. 









Presentation 

Insidious onset at median age of 60. Erythrocytosis causes stagnation nf blood 
flow and cyanosis, increased risk of bleeding and thrombosis leads to deep 
venous thrombosis, myocardial infarction, ischemic and hemorrhagic stroke* 
Budd-Chiari syndrome, splenic infarction, and mesenteric infarction* Head¬ 
ache, pruritus* peptic ulceration, and hyperuricemia arc common. Mar¬ 
row often progresses to spent phase with prominent fibrosis, and as a result; 
extramedullary hematopoiesis occurs. The clinical picture of myelofibrosis 
with myeloid metaplasia develops. Splenomegaly may occur from congestion 
early on or as a result of extramedullary hematopoiesis* 

Diagnosis 

Increased hematocrit. Bone marrow is hyperccllular until spent phase* when 
fibrosis is prominent. To differentiate from CML, leukocyte alkaline phos¬ 
phatase levels are elevated t and PCR will not reveal the BCK-ABT gene* 

Treatment 

Involves frequent phlebotomy to maintain normal red ceil mass and length¬ 
ens survival by approximately 10 years. 

Prognosis 

W ithout treatment, death occurs within mouths* 

Myelofibrosis with Myeloid Metaplasia 

Neoplastic changes in inulHpoteul stem cells leads to proliferation of cells 
including megakaryocytes* The megakaryocytes release platelet-derived 
growth factor anti transforming growth faelur-fi (TGF-|3b which encour¬ 
age growth of nniwienplaslic fibroblasts. The fibroblasts produce significant 
amounts of collagen, and the result is prominent fibrosis occurring early in 
course of the disease uscc Figure 4-21 j. Similar to the spent phase of poh* 
eythemia vera. 

Presentation 

Usually affects individuals 60+ years of age who present with anemia, spleno¬ 
megaly, nonspecific symptoms, and hyperuricemia (a result ol high cell turn- 



FIGURE 4 - 21 , Myelofibrosis with myeloid metaplasia* bone marrow biopsy* ( Kvpro- 
tkiced, willi permission, from l.ichtman MA. Render K, Kipps T]* it ,T, \Y7///nms tlennttofogw 
"It] eel* New York: YkCrau Hill, 2006: Plate XIV-i If 
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over); also infection, bleeding, and thrombosis because of cell abnormalities* 
Marrow fibrosis necessitates extramedullary hematopoiesis which results in 
hcpatosplenomegalv. 

Diagnosis 

Marrow is initially hypercellular, but progressively becomes hypoed) ulur and 
fihmtic. (Eventually, the marrow is converted to bone by osteosclerosis. Periph¬ 
eral smear shows leukoerythroblastosis, increased numbers of nucleated 
erylliroid progenitors and early granulocytes, as fibrosis leads to the abnormal 
release of these cells. Teardrop erythrocytes, or dacroeytes, arc common as 
well. Lab tests reveal normochprmic normoeytie anemia and thrombocytope¬ 
nia as the disease advances. 

Prognosis 

Survival ranges from 1-15 years. 

Essential Thrombocythemia 

Neoplastic proliferation of myeloid stem cells which leads to production of 
megakaryocytes, 

Presentation 

Indolent course, usually asymptomatic except for episodes of prominent 
thrombosis and hemorrhage. 

Diagnosis 

Marrow is moderately hyperccllular, and large numbers of normal and abnor¬ 
mally large megakaryocytes are seen. No fibrosis develops. Peripheral smear 
shows extremely large platelets. 

Prognosis 

Survival is approximately 5-50 years. 

Plasma Cell Disorders 

include multiple myeloma. Waldenstrom's macroglohulinemia, and mono¬ 
clonal gaimnoputhy of undetermined .significance. These disorders are caused 
by clonal neoplastic transformation of Ig-sccreling, terminally differentiated 
B cells, Monoclonal Ig is referred to as the M component The balance 
between light-chain and heavy-chain production is lost, and free light chains, 
Bence Jones proteins, are excreted in the urine. 

Multiple Myeloma 

Neoplastic proliferation of small lymphoid cells leads to clonal expansion of 
plasma cells. A prominent feature is elevation in the levels of inlcrlcilkiu-6, 
which is an osteoclast-activating factor. 

Presentation 

Usually presents in patients 50-60 years old. Characteristics include: 

Pnnched-out bone lesions, especially in the vertebrae and skull, fractures 
of the vertebral column and bone pain are common. 

1 lyperealccmia from bone destruction 

Myeloma kidney, or renal insufficiency with azotemia, because of excre¬ 
tion of Bence Jones proteins; tubular casts of Bence Jones protein, giant 
cells, and metastatic calcification may be evident. 
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Marrow failure leading to anemia, and rarely leukopenia and 
thrombocytopenia. 

Infections, especially with Streptococcus pneumoniae , Staphylococcus 
cnirem, and IL colt, as a result of clonal lg, leading to decreased production 
of normal Ig* 

Amyloidosis. 

I lypcrviscosity syndrome in a mi north- of cases* 

Diagnosis 

Hyperglobulinemia may lead to rouleaux formation of red cells (an aggregate 
of erythrocytes stacked like a pile of coins). Iflecferophoresis usually reveals 
increased Ig in blood and/or Bence Jones proteins in the urine, IgG is the 
M component in about half of cases; IgA in about one-quarter. X-rays usually 
reveal punched-out round skeletal lesions, but sometimes the presentation is 
of generalized osteoporosis* Cells have a characteristic "fried-egg” appearance 
(see Figure 4-22). 

Prognosis 

Survival is variable with an average of 3-5 years. Some forms are indolent, 
while others have a survival of 6-12 months. Death usually occurs from infec¬ 
tion or renal insufficiency. Chemotherapy leads to remission in about half of 
patients. Bispliosphonatcs can inhibit bone resorption. Bone marrow trans¬ 
plantation can improve survival hut is not a cure. 

Waldenstrom's Macroglgbultnemja 

Neoplasm of plasmacytoid lymphocytes (cells between B lymphocytes and 
plasma cells in terms of maturity) with monoclonal IgM secretion. Also 
known as lymphoplasmacyiie lymphoma. 

Presentation 

Typically affects 50+-ycar-old mates* Nonspecific symptoms of fatigue and 
weight loss are common, as are lymphadenopathy, hepatomegaly, and spleno¬ 
megaly* Anemia occurs as a result of marrow failure and sometimes hecause o( 
IgM cold antibody autoimmune hemolysis, Hyperviscosity syndrome often 
develops and presents with v isual impairment such as retinal vascular dilation, 
neurologic issues, bleeding, and Raynaud's phenomenon. 



figure 4-ai, Multiple myeloma. (Reproduced, with permission* from I ichtman 
\\\ Rentier Is, Kipps Tj. el ill.. Williams Hematology, 7lli cd. New York: McCrawd lilt* 
2006: Plate XXI-4.) 
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Diagnosis 

Electrophoresis of scrum reveals a clonal IgM spike, and 10% of cases show 
Bence Jones proteinuria; no hone lesions. 

Prognosis 

Incurable and progressive with a median survival of 4 years. Plasmaphere¬ 
sis can treat hyperviscosity and hemolysis. Rarely transforms to large-cell 
lymphoma. 

Monoclonal Gammofathy of Uncertain Sicnifjcance 

Some healthy, older adults may have benign M proteins with no symptoms 
or disease. Some, however, may go on to develop multiple myeloma or other 
plasma cell dvserasias after 10—15 y ears. Amyloidosis can also develop* 

Langerhans* Cell Histiocytosis 

Histiocytosis refers to the proliferation of histiocytes or macrophages. In 
tangerhans' cell histiocytosis there is a clonal proliferation of dendritic cells 
known as Lunger ha ns ‘cells. 

PRESENTATION 

Typical presentations include: 

Lettercr-Siwc disease: Acute disseminated histiocytosis; usually before age 
2 years; characterized by cutaneous lesions on trunk and scalp; marrow 
failure, hepatoxplenomegaly, and osteolytic lesions develop. 

Eosinophilic granuloma: 1 Inifoeal nr multifocal expansion of l^ngcrhans' 
cells, usually in marrow space and occasionally in lung; asymptomatic or 
w illi pain and possibly fractures. 

Multifocal Langerhans’ cell histiocytosis: \ffcets children; fever, erup¬ 
tions on the scalp and in the car canals, recurrent infections, hepalnsplc- 
nomegaly, and diabetes insipidus from posterior pituitary involvement; 
calvarial lesions, diabetes insipidus, and exophthalmos define Hand- 
Schiillcr-Cliristian disease. 

Diagnosis 

Electron microscopy reveals BirbeckA granules in ectoplasm which appear 
like tennis racquets. Immunohistochcmical techniques aid diagnosis. 

Prognosis 

Depends on type. The acute disseminated presentation is rapidh fatal if 
untreated; with chemotherapy, half survive for about 5 years. Unifocal lesions 
can be excised or irradiated and occasionally heal without treatment. Multifo¬ 
cal histiocytosis can he treated with chemotherapy, though this may also heal 
without treatment. It has a better prognosis than the acute disseminated form. 

Heme Pathology 

Heme production occurs via the synthetic pathway shown in Figure 4-2 T A 
defect in any of these steps can result in porphyrias, a group of diseases that 
result from the accumulation of heme intermediates. 

Acute Intermittent Porphyria (AIP) 

Autosomal-dominant, leading to a deficiency in porphobilinogen deaminase 
with subsequent accumulation of upstream nictabolilcs-porphabiliiiogcu 
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FIGURE 4-25, Heme synthesis. Underproduction of lieitic results in .! miciocylic hy|x>- 
dinmdc anemia, Acrciitim Lilian of intermediate causes popliyrias. 


(urinary), and 5-aininolevuIinic acid (ALA). I hese intermediates lead to 
degeneration of myelin. 

Presentation 

May be induced by sun exposure and certain medications (sulfa drills, and 
barbiturates, in addition to mtwv others). Symptoms include dark, foul col¬ 
ored urine, hallucinations, blurred vision, and gross neurological manifesta¬ 
tions such as foot drop. 


Diagnosis 

Genetic testing, increased urinary secretion of porphobilinogen, and porphy¬ 
rins is pathognomonic* Measuring the activity of porphobilinogen deaminase 
is of little value, as some patients will have normal levels. 

Treatment 

Goal is to decrease heme synthesis, thereby reducing production of porphyrin 
precursors. Patients should cat a high-carbohydrate diet during acute attacks. 
Severe attacks should be treated with hemal in. 



_KEY FACT 


AIR differs from other porphyrias 
because u has no sun-induced 
lesions. 


Porphyria Cutanea Tarda (PCT) 

hut of the porphyria spectrum that results from deficient activity of the heme 
synthetic enzyme uroporphyrinogen decarboxylase (URQDf, This leads to 
elevated porphyrin by-products, including elevated uroporyphyrin, iron, and 
transferrin. 


Pathology 

Accumulation of iron leads to siderosis, affecting liver function. Accumulated 
uroporyphyrins lead to hullac and skin lesions which form upon exposure to 
sunlight. 

Presentation 

Patients present with cutaneous bullae which form upon exposure to sunlight. 
Additional organ damage includes liver siderosis and eventual fibrosis. Urine 
turns dark upon standing. The disease is exacerbated by consumption of alco¬ 
hol, iron, and estrogens. 
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TABLE 40. Summary of the Porphyrias 


Disease 

Deficit 
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Presentation Treatment 

Acute 

intermittent 

porphyria 

Porphobilinogen 

deaminase 

Dark, foul smelling urine, neurological 
deficits (usually following sun exposure or 
certain medications). 

Hematin, High carbohydrate diet. 

Porphyria 

cutanea tarda 

tmtfiiimmnm 111 m iJ*mttttc 

Uroporphyrinogen 

decarboxylase 

Bullae on sun-exposed areas, liver Low-dose antimalariaJs, phlebotomy. Avoidance 

siderosis, dark urine upon standing, of alcohol, sun-exposure, estrogens and iron. 


Diagnosis 

Plasma and urine analysis for elevated uroporyphynn. The activity of the 
uroporphvrinogen decarboxylase (UROD) can also be tested in red blood 
cells. 

Treatment 

Tow-dose anlinmlarial medications, phcicbotomy. 

The porphyria syndromes are summarized in 1'able 4-8. 
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CHEMOTHERAPY DRUGS: ALKYLATING AGENTS 


These drugs are cell-cycle nonspecific. They act by interfering with nucleic 
acid function in various ways (e.g., by cross-linking ON A, by promoting incor¬ 
rect base pairing, and sometimes causing DNA strand breaks). 

Cyclophosphamide and Ifosfamide 
Mechanism 

Covalently cross-link DNA at guanine N-7. They require activation by the 
CVP-450 enzyme system in the liver. 

Uses 

N1 IT, breast and ovarian cancer. 

Side Effects 

Toxic metabolite is acrolein, which causes hemorrhagic cystitis. Tins can be 
prevented by co-administration of rticsna. Other side effects include myclo- 
suppression and extreme nausea, 

Nitrosureas (Carmustine, Lomustine, Streptozocin) 

Mechanism 

These agents require bioactivalion. They are able to cross the blood-brain 
barrier, because they are very lipid soluble. Therefore. I lies are used for CNS 
tumors. 

Uses 

Brain tumors, especially glioblastoma multiforme. 











Side Effects 

CNS toxicity including dizziness ;nid ataxia. Also extreme nausea. 

Cisplatin and Carboplatin 
Mechanism 

Cross-link DNA strands, thus inhibiting DNA replication. 

Uses 

Icslicular, bladder, ovarian, and lung cancer. 

Side Effects 

Nephrotoxicity, neurotoxicity, ototoxicity. Also extreme nausea. 


I 

Most alkylating agents cause severe 
nausea. 


KEY FACT 


Busulfan 

Mechanism 

Alkylates DNA and interferes with function. 

Uses 

CML. 

Side Effects 

Pulmonary fibrosis, hyperpigmentation. 


ANT! METABOLITES 


These drugs are ccll-cycle-specifie (predominantly for S phase). They slruo 
luridly resemble purines, pyrimidines, or other endogenous compounds. How¬ 
ever, they are nonfunctional, so they block nucleic acid synthesis. 

Methotrexate 

Mechanism 

Tolic acid analog that inhibits the enzyme dihydrofolale reductase. r 11 1 is 
results in decreased DNA and protein synthesis, [l is specific for the synthesis 
phase (S phase) of the cell cycle. 

Uses 

Leukemias, lymphomas, sarcomas, choriocarcinoma. Also used for abortion, 
ectopic pregnancy, rheumatoid arthritis, Crohn's disease, psoriasis. 

Side Effects 

Mvelosuppression, which- is reversible with leucovorm (Folhtic acid). Also 
causes fatly change in liver (like ethanol and amiodarone). 

6-Mercaptopurine (6-MP) 

Mechanism 

Blocks purine synthesis. Must be activated by hypoxanthine guanine phospho- 
rihosyl transferase {HGPRTase), 










Uses 


Leukemias, lymphomas. 

Side Effects 

Myelosuppression, 6-MP is metabolized by xanthine oxidase* so increased 
toxicity is seen with co-administration of allopurinnl (xanthine oxidase 
inhibitor), 

Cytarabine 

Mechanism 

Pyrimidine antagonist, terminates chain elongation. Also inhibits DNA 
polymerase. 

Uses 

Acute myelogenous leukemia. 

Side Effects 

Leukopenia, thrombocytopenia, megaloblastic anemia, 

5-Fluorouracil (5-FU) 

Mechanism 

Pyrimidine analog that is binactivated to 5-fluoro-dcoxyuridine monophos¬ 
phate (SF-dUMP). >F-dUMP hinds fnlic acid, and this complex inhibits thy* 
midylate synthase, tire result is inhibited nucleic acid synthesis. It is S-phasc 
specific. 

Uses 

Colorectal cancer and other solid tumors. Used topically for basal cell carci¬ 
noma of the skin. 

Side Effects 

Myelosupprcssion, “hand-foot syndrome” (clermnpatliy after extended use). 


T0P0I50MERASE INHIBITORS 


Etoposide, Doxorubicin, and Irinotecan 
Mechanism 

Inhibit topoisomerases (1 or ll) t thus preventing DNA replication and induc¬ 
ing DNA double-strand breaks. 

Uses 

Breast* thyroid, ovarian, and testicular cancer: lymphoma. 

Side Effects 

Doxorubicin lias cardiac side effects including myopathy, failure, and arrhyth¬ 
mias. Irinotecan causes severe diarrhea. 
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DRUGS THAT TARGET TUBULIN 


Vincristine and Vinblastine 
Mechanism 

Prevent microtubule formation by interfering with tubulin binding. The 
mitotic spindle cannot form, and the M phase does not proceed. 

Uses 

Lymphomas, testicular cancer, small-cell lung cancer. 

Side Effects 

ViNcristinc causes Neurotoxicity. VinBlastinc causes Bone marrow toxicity. 


Paditaxel 

Mechanism 

Prevents microtubule breakdown by stabilizing tubulin already bound in 
mitotic spindles. M phase cannot complete. 

Uses 

Ovarian, breast, non-small-cell lung, bladder, bead and neck cancer. 

Side Effects 

Acute hypersensitivity reaction, neurotoxicity. 



KEY FACT 


Although these drugs act in opposite 
ways, they achieve the same effect: 
inhibition of a full cycle of mitosis. 


HORMONAL AGENTS 


Tamoxifen, Letroxole, and Raloxifene 
Mechanism 

Anti estrogens, these binck estrogen production or competitively inhibit 

I lie estrogen receptor present on sonic cancer celts. This decreases DNA 

svnthfesis. 

* 

Uses 

Estrogen-sensitive breast cancers, especially in postmenopausal women. Ral¬ 
oxifene additionally stimulates the bone to increase density. 

S/o£ Effects 

Tamoxifen activates estrogen receptors on oilier types of tissue such as endo¬ 
metrium. increasing endometrial cancer risk. All can cause mild hot flashes 
and nausea. 

Leuprolide and Goserelin 
Mechanism 

Agonists of luteinizing hormone-releasing hormone (LHRH). Shuts off LIT 
release when given continuously, thereby inhibiting testosterone or estrogen 
production. 
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Uses 

Prostate cancer, breast cancer in premenopausal women. 

Side Effects 

Early acute exacerbation of prosl ale cancer. 


TAB GET ED MOLECULAR THERAPEUTICS 


Trastuzumab 

Mechanism 

Antibody against crb-B2 may facilitate T-cell cytotoxicity against cancer cells 
with erb-B2 expression. 

Uses 

Breast cancers that express crb-B2 (~ 50%). 

Side Effects 

Cardioloxicity, especially when combined with doxorubicin. 

Imatinib 

Mechanism 

Inhibits BCR-ABL tyrosine kinase specific to CM! .. 

Uses 

CML. 

Side Effects 
Mild. 


NATIVE CYTOKINES USED IN CANCER TREATMENT 


Interferon-Alfa 
Mechanism 

Enhances cell-mediated immunity against some cancers and viruses, possi¬ 
bly by upregulating expression of antigen in tumor cells. May also have direct 
apoptotic activity. 

Uses 

1 Icmanginmas, advanced melanoma, renal tumors; also hepatitis C. 

Side Effects 

Depression and flu like symptoms, 

lnterleukin-2 

Mechanism 

Stimulates T-cell survival and activation, enhancing cell-mediated immunity 
against cancer cells. 
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Uses 

Kidney cancers and melanoma. 

Side Effects 

Capillary leak syndrome (hypotension, low vascular resistance, and high car¬ 
diac output similar lo septic shock). 



Key Terms 


Anemia 

Reduction in the (^-transporting capacity of blood, usually because of a reduction of the total circulating 
RBC mass to below-normal levels. 

Anisocytosis 

Abnormal size variation among RBCs, 

Haptoglobin 

A protein that binds free hemoglobin in the serum. It is decreased in hemolytic anemias. 

Hematocrit 

Represents the percentage of whole blood volume composed of erythrocytes. 

Mean cell hemoglobin 

The average content of hemoglobin per RBC. 

MCHC 

The average concentration of hemoglobin in a given volume of packed RBCs. The MCHC is low if the 

RBCs are hypochromic. 

MCV 

The average volume of an RBC A normal value is BO-7 00 ft Over 100 JL would be a macrocytic anemia, 
while under 80 fL would be microcytic 

Normoblast 

Nucleated RBC (in peripheral blood reflects hyperplasia of erythroid progenitors). 

Normocytk, microcytic 
macrocytic 

All of these refer to the size of the RBCs; normocytie refers to a normal-sized RBC, microcytic to a small 

RBC, and macrocytic to a large RBC. 

Normochromic 

hypochromic 

These terms refer to the color of RBCs, which is a sign of the amount of hemoglobin in the RBCs. 
Normochromic is normal and hypochromic is a pale color (which correlates to low hemoglobin). 

RBC distribution width 

(ROW) 

The coefficient of variation of RBC volume. An increased RDW means that the RBCs are extremely variable 
in size. 

Reticulocytes! s 

Increased number of newly formed RBCs in the peripheral blood. 

Ineffective 

erythropoiesis 

RBC inclusions results in destruction of young RBCs within the bone marrow (intramedullary destruction), 

A condition often seen in thalassemia. 
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"PLASIA" DEFINITIONS 


Implying growl 1 1 or development.' Tissue can grow by different mechanisms, 
each known by a different term: 

Hyperplasia: Overaetive growl It of a tissue. 

Neoplasia: Means “new growth*” Refers to cancer tissue and fundamen¬ 
tally infers a loss of responsiv eness to normal grow th control signals. 
Dysplasia: Abnormal grow th of a tissue, disordered* but not neoplastic. 
Metaplasia: Transformation of tissue from one type to another. 

Anaplasia: Malignant transformation of undifferentiated cells. 


TUMOR NOMENCLATURE 


1umors are often first defined by llieir "aggressiveness” and ability to metasta¬ 
size (spread to other sites beyond the primary site) to other sites, 

Benign 

Tumor shows microscopic and gross evidence that il w ill remain localized and 
not metastasize. Implies it is amenable to surgical resection. 

Fibroma: A benign neoplasm of fibrous or connective tissue. 

Chondroma; A benign neoplasm of cartilaginous cells. 

Adenoma: \ benign neoplasm of glandular cells. 

Papilloma: A benign neoplasm of epithelial tissue that typically has a stalk 
or pedicle. 

Polyps: Similar to a papilloma, any growth, benign or malignant, that has 
a stalk or pedicle, 

Gystadenoma: A neoplasm of epithelial glandular origin hut with produc¬ 
tion of a substrate producing evsts within the neoplasm. 

Malignant 

“Cancers." lend lo adhere, infill rate, and destroy surrounding tissue. Prone to 
metastasize to distant sites. 

Sarcomas: Malignant tumors arising from mesenchymal (issue. 
Carcinomas: Malignant tumors of epithelial origin. 

Teratoma: Tumors that contain more than one germ cell layer and typi¬ 
cally contain immature and mature elements. 

Hamartoma: Mass of disorganized tissue elements, not necessarily a 
neoplasm. 


TUMOR GRADE VERSUS STAGE 


Grading and staging of tumors guides medical and surgical therapy and pro¬ 
vides information on prognosis. 

Grading 

Based on the microscopic appearance of a tumor it can be graded X—4 in lev¬ 
els of increasing severity and differentiation. Well-differentia ted tumors arc 
grade I and tend to he less aggressive. Grade 4 tumors tend to be poorly differ¬ 
entiated and highly aggressive. 
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Staging 

The extent to which a primary tumor has spread, which helps determine 
treatment and prognosis. Typically described in the 1 NM staging system, 
which refers to (T) Tumor: the extent of tumor growth; (N) Nodes: which 
and how many lymph nodes are involved; and (M) Metastasis: has the tumor 
metastasized. 


PSAMMOMA BODIES 


Histologically seen as laminated, concentric* calcified spheres found in sev¬ 
eral types of cancer. 

Thyroid papillary adenocarcinoma: Patient presents with a solitary thy¬ 
roid nodule. May have an enlarging neck mass. Kinc-nccdle aspiration of 
the nodule shows finger-like projections composed of tumor cells lining a 
core of fibrous tissue. 

Meningioma: Arises from the dura. May present with focal neurologic 
deficit, headaches, or seizures. 

Malignant mesothelioma; Arises From the pleural surface. Look for dysp¬ 
nea, atypical chest pain, exposure to asbestos, and cigarette smoking. 

Serous papillary cystadcnocarcinoma of the ovary. 


0NC0GENE5 


Genes derived from mutations in “protooncogenes" to “oncogenes” which 
promote cell growth in cancer cells. All oncogenes contribute to persistent 
expression nf cellular growth factors (e,g. t cyclin-dependcnl kinases), 

MVC gene: Oncogene most commonly found in human tumors. 

Others; AJYB fl /UN. LON. and HKL oncogenes. 


TUMOR SUPPRESSOR GENES 


Genes that suppress continued cell growth. Inhibition of these genes makes 
cells refractory to inhibition of growl h. 

Retinoblastoma (RH): First tumor suppressor gene to be discovered. 
Retinoblastoma is a neoplasm of the retina that typically occurs in young 
children with an abnormal Rb gene located on chromosome IT findings 
include leukocoria and loss of red light reflex in infants. 

Others: APC gene. IGF-jl, and TPS 3. 

Two-hit hypothesis: In order for a tumor suppressor gene to he rendered 
inactive both normal alleles must be inactive. 


ONCOGENIC VIRUSES 


Viral infection of cells can lead to unchecked proliferation and tumor devel¬ 
opment {see Table 4-9). 


PARANEOPLASTIC SYNDROMES 


Complex of .symptoms that cannot be explained by the spread of tumor cells. 
Occur in 10^-1 of cancer patients. Certain cancers will cause specific 
para neoplastic syndromes (see Table 4-10), 














TABLE 4 - 9 . Oncogenic Viruses 
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Human T-cell leukemic virus type 1 

RNA oncogenic virus. Associated with T-cell 
leukemia and lymphoma. 

Epstein*8arr virus 

ONA oncogenic virus. Associated with 

Bur kites lymphoma, AIDS-related 
lymphomas, Hodgkin's lymphoma. 

Human papillomavirus 

DNA oncogenic virus. Associated with cervical 

carcinoma. 

Human herpesvirus-8 

DNA oncogenic virus. Associated with 

Kaposi's sarcoma. 

Hepatitis B virus 

DNA oncogenic virus. Associated with 
hepatocellular carcinoma. 


RED BLOOD CELL FORMS 


Various diseases can cause the KBCs to take different shapes. Knowing these 
different forms helps in elucidating the underlying disease (see Table 4-11). 


ANEMIA AND RED BLOOD CELLS 


A decrease in I he effective Ovcarrying capacity of KBCs. 'these can be cat¬ 
egorized by the morphology of the KBCs (see table 4-12). 


IRON DEFICIENCY ANEMIA 


Most common form of nutritional deficiency. Negative iron balance may 
result from low dietary intake, malabsorption, excessive demand (preg¬ 
nancy and infancy), and chronic blood loss (heavy menses or gastric ulcers). 


table 4io. Paraneoplastic Syndromes 


Cushing's syndrome 

Small cell cancer of the lung, pancreatic carcinoma. 

SIADH 

Small cell cancer of the lung, intracranial neoplasm. 

Hypercalcemia 

Squamous celt cancer of the lung, breast cancer, renal 

cell carcinoma. 

Myasthenia gravis 

Thymoma, 

Hypertrophic osteoarthropathy 

Lung cancer. 

Migratory venous thrombosis 

Trousseau's syndrome, pancreatic carcinoma. 


Cancer cachexia Progressive loss of lean body mass and body fat, 

weakness, anorexia, and anemia. 
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TABLE 4-11, Red Blood Ceil Forms 

Biconcave 

Normal 

Spherocytes 

H5 t autoimmune hemolysis. 

Macrocyte 

Megaloblastic anemia. 

Helmet cell/schistocyte 

DIG, traumatic hemolysis. 

Sickle cell 

Sickle cell anemia. 

Teardrop cell 

Myelofibrosis. 

Acanthocyte 

Ab e t a 1 ip oprot e i n cm id . 

Target celt 

Thalassemia, liver disease, hemoglobin C asplenia. 

Parfdlocytes 

TTP/ HUS, mkrovascular hemolysis, DIG. 

Burr cell 

TTP/HUS. 
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Decrease in serum iron and increase in TIBC. Leads to hypochromic and 
microcytic RBCs, 

Ferritin: Sen mi ferritin is a good indicator of Hie adequacy of bane iron 
stores. 

Transferrin: Iron is transported in the blood by transferrin {protein). 
Atrophic glossitis: Smooth, glazed appearance of the tongue, 
Flummcr-Vinson syndrome: Occurs in iron-deficiency anemia when atro¬ 
phic glossitis coexists with dysphagia and esophageal webs. 

Pica: Fating of unusual substances or odd cravings. Desire to cat dirt nr 
clay or chew ice. 


TABLE 4-12, 

Morphologic Categorization of Anemias 
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Manifestations 

Microcytic 
hypochromic 
{MCV <80 fl) 

Iron deficiency, thalassemia target 
cells, lead poisoning. 

Elevated TIBC, decreased ferritin 

and serum iron. 

Macrocytic 
(MCV >100 (L) 

Mega 1 o blastk fo la te/vi t a m i n B, ; 
deficiency, drugs that block DNA 
synthesis. 

Hypersegmented neutrophils, 
neurologic abnormalities in 
vitamin B u deficiency. 

Nomnocytic, 

normochromic 

Acute hemorrhage, C6PD deficiency, 

HS, bone marrow disorders, 
hemoglobinopathies, autoimmune 
hemolysis, anemia of chronic disease. 

Decreased TIBC and setum 

iron, elevated ferritin, decreased 
serum haptoglobin in hemolysis. 
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ANEMIA OF CHRONIC DISEASE 


Most common form of anemia in hospitalized patients. Caused by inflamma¬ 
tion-induced sequestering of iron within the cells of the reticuloendothelial 
system. Increased stored iron in marrow macrophages. 

Labs: High scrum ferritin, low IIBC. 


MEGALOBLASTIC ANEMIA 


Caused by folate deficiency or vitamin Bp deficiency causing abnormal DMA 
synthesis. The hallmark of megaloblastic anemia is enlargement of eryth- 
roicl precursors winch give rise In large RBCs (macrocytes)* Hone marrow is 
hype reel hilar. 

Hyperscgmented neutrophils: Produced by giant metamyelocytes. Nuclei 
con I a in more than five lobes. 

Nuclear-cytoplasmic asynchrony: DNA development is affected, and does 
not continue at the same pace as RNAand cytoplasmic protein synthesis* 
Cheilosis: Fissures or scales around the mouth and tips* 

Folate deficiency: Associated with poor diet, inhibited absorption, nr 
increased metabolic needs (celiac disease)* Unlike vitamin Bp deficiency* 
there are no neurologic abnormalities. 

Vitamin Bp (cobalainin) deficiency: Causes anemia associated with 
dcinyelinatiou of the peripheral nerves and ultimately spinal cord (poste¬ 
rior and lateral columns). Patients report neurologic deficits. 


PERNICIOUS ANEMIA 


Vitamin Bp deficiency resulting from inadequate gastric production or defec¬ 
tive function erf intrinsic factor (IK: produced by the stomach, binds to vita¬ 
min B ]?J and allows for absorption in the terminal ileum) necessary ti> absorb 
vitamin R p , Several abnormalities along this pathway can lead to pernicious 
anemia. 

Parietal canalicular antibody: Causes deranged synthesis of IK by binding 
to mucosal parietal cells of the stomach. 

Blocking antibody: Blocks binding of vitamin Bp to IK 

Binding antibody: Reacts with the 1F-B|> complex and prevents it from 

binding to ileal receptors. 

Gastrectomy: Removal of a portion of stomach. May take the parietal cells 
that synthesize IK. 


MYELOPHTHISIC ANEMIA 


Marrow failure caused by extensive replacement of the marrow by tumor or 
other lesions* 

Associations: Metastatic cancer arising from breast, lung, prostate, or 
thyroid. 

Presentation: Anemia and thrombocytopenia, 

RBCs: Teardrop cells seen on PBS, 
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APLASTIC ANEMIA 


Suppression of nmllipotenf myeloid stem cells in die bone marrow with resub 
tant anemia, thrombocytopenia, and neutropenia (pancytopenia); > 50% of 
cases are idiopathic. Other etiologies include certain myelotoxic agents and 
postviral infections (hepatitis and parvovirus in sickle cell patients). 

Presentation: Classic presentation of a sickle cell patient with recent ill¬ 
ness causing fatigue, weakness, pctechiae, and frequent infections. 

Physical exam: Vo splenomegaly. 

Rone marrow biopsy: Hypoccllular bone marrow and increased amount 
of fat. 

Thrombocytopenia: Presents as the appearance of pctechiae and ecchy- 
moscs due to low platelet count. 

Granulocytopenia: Low white blood cell count manifested by frequent 
or persistent minor infections or the sudden onset of cliills, fever, and 
prostration. 


HEMOLYTIC ANEMIA 


Anemia associated with decreased RBC life-span (< 12b days). Shortened life* 
span may be the result of defects in the RBC (intracorpuscular! or external to 
(lie RRC (extraeorpuscular). The increased RBC destruction results in rcticu- 
locyfosis, The location of RBC destruction determines the presentation. 

Intravascular hemolysis: RBC destruction within the vasculature releasing 
hemoglobin with subsequent hemoglobinuria and jaundice. Haptoglobin 
hinds free hemoglobin and is thus low. One of the more serious complica¬ 
tions of massive hemolysis is acute tubular necrosis. 

Intravascular hemolysis: Occurs within the spleen or liver secondary to 
RBC injury or immunologic alteration. RBCs are altered, impairing pas¬ 
sage through the spleen or liver, resulting in phagocytic destruction. Docs 
not result in hemoglobinuria but can result in jaundice. Haptoglobin is 
decreased. Splenomegaly is a common finding. As RBCs are destroyed, 
increased amounts of iron accumulate, resulting in hemosiderosis. 


HEMOLYTIC ANEMIAS 


Autoimmune Hemolytic Anemia 

Antoantibodies target RBC membranes. Diagnosis is confirmed by the 
Coombs antiglobulin test. 

Warm antibodies: Due to IgC, which is active at 57 C, and in 25% of 
cases is associated with an underlying disease such as SLK. 

Cold antibodies: Due to IgM, which is active below 57 G and is associ¬ 
ated with mycoplasma infections, infectious mononucleosis, and lymphoid 
neoplasms. 

Hereditary Spherocytosis (HS) 

Abnormal RBC structural protein (spectrin), which nomialh stabilizes the 
RBC membrane. Spherical RBCs arc less deformable and more likely to be 
sequestered b\ the spleen. Manifests as anemia, jaundice, and splenomegaly. 

PICA gene: Abnormal gene inherited in an autosomal dominant pattern. 
Osmotic fragility test: RBCs show increased fragility. 
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Paroxysmal Nocturnal Hemoglobinuria (PNH) 

Rare, inherited disorder resulting in an abnormal PIG protein, RBCs arc more 
sensitive to complement-induced lysis. Patients are at greater risk of infections 
and thrombosis. 

History: Dark urine (hemoglobinuria) in the morning from hemolysis 
throughout the day and night. 

Microangiopathic 

RRC destruction as a result of narrowed vessels secondary to another disease 
process, /Vs RBCs move through the abnormal vessels they undergo stress, 
resulting in alteration in RBG membranes seen as schistocylcs, burr cells, and 
helmet cells, resulting in splenic sequestration* 

Disseminated intravascular coagulation (DIG): Fibrin deposits can nar¬ 
row vessels resulting in hcmolvsis. 

Other etiologies: Malignant hypertension, TTI\ SEE, HUS, and 
malignancy, 

Glucose-6'Phosphate Dehydrogenase (G6PD) Deficiency 

Enzymatic abnormality that reduces the RBG ability to prevent oxidative 
injury, 

Heinz body: Denatured hemoglobin that precipitates within the RBG. 
Bite cell: Splenic phagocytes try to “bite out" the I leinz body inclusions. 


DISSEMINATED INTRAVASCULAR COAGULATION 


Activation of the coagulation cascade with subsequent Formation of thrombi. 
Platelets am! coagulation factors are consumed with secondary activation of 
fibrinolysis. Patients will be coagulopaline and have thrombocytopenia, low* 
clotting factors, and elevated fibrin split products. Frequently results as a com¬ 
plication of another disease process. 

Common etiologies: Obstetric complications, sepsis, malignancy, and 
major trauma. 


TESTS OF BLEEDING DISORDERS 


A Group of diseases characterized by impaired ability to stop bleeding. Cer¬ 
tain tests help determine the underlying etiology. 

Bleeding time: Time (in minutes) taken for a standardized skin puncture 
to stop bleeding. Tests platelet function. Prolonged if platelet abnormality 
is present. 

Prothrombin time (PT): tests the adequacy of the extrinsic and common 
Coagulation pathways. Prolonged when deficient in factors V, VII, or X, 
prothrombin, or fibrinogen. 

Partial thromboplastin time (PTT): Tests the adequacy of the intrinsic 
pathway. Prolonged in heparin therapy. 

Mixing studies: In cases in whom bleeding is prolonged, the patients 
blond is mixed with blood lliat contains all the factors necessary' for dol¬ 
ling. If the bleeding time corrects, the patient has a deficiency in one or 
more clotting factors. If the bleeding time docs not correct, the patient has 
antibody to one or more clotting factors. 
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THROMBOCYTOPENIA 


Platelet count <100,000/010)'. Testing shows prolonged bleeding time with 
normal l y l and FIT* May result from decreased production (bone marrow 
failure) or increased destruction (immune or non-immunc mediated). Non- 
imnuine-mcdiated causes include DIG and prosthetic heart valves. Immune- 
mediated thrombocytopenia occurs secondary to anti platelet antibodies. 

Idiopathic Thrombocytopenic Purpura (1TP) 

Antiplatelet antibodies and destruction of platelets within the spleen. Patients 
present with pctcehiac, epistaxis, easy bruising, bleeding after minor trauma, 
and gum bleeding. Associated with autoimmune disorders such as SLE, as 
well as viral infections and lymphoma, Splenectomy is curative in two-thirds 
of patients. 

Thrombotic Thrombocytopenic Purpura (TTP) 

TTP is associated with a lack of a metalloproteinase enzyme which normally 
degrades vWE Without this enzyme vWF accumulates, resulting in platelet 
aggregation. Presents with the classic pentad of fever, anemia, thrombocytope¬ 
nia, renal failure, neurologic deficits. More common in women. 

Hemolytic uremic syndrome (HUS): Similar to 'ITP with out neurologic 
deficit or renal failure. Typically follows E, co// infection secondary to 
Shiga toxin damage to the endothelium. More frequent in children. 

Heparin-Induced Thrombocytopenia (HIT) 

Acquired IgG antibodies to platelet factor IV/licparin complexes. Antibody 
binding actually results in thrombosis despite thrombocytopenia. Occurs 
in Wc-S7c of patients anl(coagulated with heparin. Cessation of therapy is 
curative. 

Bernard-Soulier Disease 

Defect of platelet adhesion. 

Glanzmann's Thrombasthenia 

Defect of platelet aggregation. 


COAGULOPATHIES 


Result of congenital or acquired abnormalities in clotting factors. Acquired 
diseases include vitamin K deficiency and liver disease, both of which impair 
synthesis of factors VII, IX, and X. Hereditary diseases include hemophilia and 
von Willebranet's disease. 

Hemophilia A 

An Xdinkcd recessive deficiency of factor VII1. Patients show' a predisposition 
to easy bruising, excessive bleeding after trauma, and spontaneous bleeding 
into joints (hemarlhrosis). No petechiac. Studies show prolonged PIT that 
corrects with mixing studies. Treatment is with infusion of factor VIII. 

Hemophilia B (Christmas' Disease) 

An Xdinked recessive deficiency of factor IX deficiency. Patients present iden¬ 
tically to hemophilia A. Correction occurs with normal plasma mixing, but 
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upon treatment with factor VIII, the patient shows no response. Treatment is 
with factor IX replacement. 

Von Willebrand's Disease 

Abnormal, low, or absent vWF. vWF exists as a rnultimer of proteins that form 
a complex with factor VIII. vWF is exposed when endothelial cells are dam¬ 
aged. vWK facilitates platelet adhesion to damaged endothelium. Patients 
present with spontaneous bleeding from mucous membranes and prolonged 
bleeding time with a normal platelet count. 


HEM0GL0BIN0PATHIE5 


Croup of hereditary disorders characterized by the presence of structurally 
abnormal hemoglobin. Can be diagnosed with hemoglobin electrophoresis. 

Sickle Cell Anemia 

Caused by a mutation in the gene coding for the [3-chain of hemoglobin- 
Results in RBCs assuming a sickle shape when deoxygenated* which then pre¬ 
cipitate out of circulation and may occlude the microvasculalnre. Mutations 
in both [i-chains defines sickle cell disease. A single affected chain is sickle 
cell trait* 

An tosplenectomy: Chronic obstruction of the spleens blood supply causes 
recurrent infarcts leading to a shrunken and fibrotic spleen. 

Fain crisis: Occlusion of the microvasculature in the muscles causing 
pain. 

Acute chest syndrome: Occlusion of hone marrow can cause a fat 
embolus to the lungs, resulting in hypoxemia and possibly fatal cardiovas¬ 
cular collapse. 

Salmonella osteomyelitis: Increased susceptibility. 

Thalassemia 

A heterogeneous group of genetic disorders, transmitted in an autosomal co¬ 
dominant fashion, affecting the synthesis of hemoglobin. Characterized by a 
lack or decrease in synthesis of the a- or {3-globin chains, 

p-Thalassemia: The 13-chain of hemoglobin is absent or drastically 
reduced, resulting from a single base change mutation in the [i-globin. 
Target cells arc frequently seen on PBS. 

p-Thalassemia major: Homozygous form of thalassemia associated 
with severe hemolytic anemia. Can produce skull deformities due to 
increased marrow hyperplasia. 

P-Thalassemia minor: Heterozygous form of thalassemia, which may 
be asymptomatic or mildly symptomatic. Usually only a mild micro- 
cytic/hypochromic anemia. 

a-Tlialussemia: Caused by deletions of one or more of the four a-globin 
genes. 

Silent carrier: One gene is missing. 

Hemoglobin H: Excess j3-globin chains form stable tetramen. 

11 Bart: Excess 5-gIobin chains form stable tetrainers. 

Fetal death: All four arc missing. 


u 





LYMPHOMA 


Tumors typically present as painless masses within lymph nodes or other 
organs* Often result from proliferation of one cell with a specific marker, 
which allows differential ion based on antigen receptors. All lymphomas 
impair normal immunologic function. Patients may present with chronic 
infections or with symptoms due to the mass effect of the tumor. 

Hodgkin's Lymphoma 

Lymphoid neoplasm with characteristic Rced-Stcrnbcrg cells* Nonmeoplastic 
in flu mm a ton cells greatly outnumber neoplastic cells. Patients typically pres¬ 
ent with single, axial lymph node enlargement and the lymphoma spreads 
contiguously. 'There are four subtypes: 

Nodular sclerosis: Most common. 

Mixed eel hilarity; Most common m those aged >50 years. 

Lymphocytic predominance: Characteristic "popcorn cells ” 

Lymphocytic depiction: Very rare, 

Non-Hodgkin's Lymphoma 

There are multiple types of Nl IL, differentiated from I lodgkin's lymphoma by 
the absence of Recd-Stcmbcrg cells. Patients will often have multiple periph¬ 
eral enlarged lymph nodes. Noncontiguous spread. 


NON-HODGKIN'S LYMPHOMAS 


Small Lymphocytic Lymphoma (5LL)/Chronic Lymphocytic Leukemia (CLL) 

Similar tumors that differ only in the extent of peripheral blood involvement* 
l^argc numbers of circulating cells is called CLL, while those without large 
numbers are called SLL. Within lymph nodes there exist proliferation cen¬ 
ters (foci of mitoticallv active prulvmphocytcs). 

Smudge cells: Neoplastic lymphocytes are fragile and frequently disrupted 
during smear preparation* 

Hypogamiiiaglobinciuia: Develops secondary to suppression of non-neo- 
plastie B cells* 

Autoimmune hemolytic anemia: May develop as a result of the produc¬ 
tion of anti-RBC antigen ig. 

Follicular Lymphoma 

Nodular or follicular pattern: these make up 4 07c of Nl ILs* 

Association: [(14; 18) translocation. 

BCL2 gene: BCL2 is an anii-apopkiHe protein. 

Mantle Cell Lymphoma 

Resemble cells that reside in the mantle zone of lymph nodes. These make 
up 4% of NIlLs. Frequent involvement of the GI tract causing lymphoma toid 
polyposis. 

Association: t(I I; 14) translocation leading to overexpression ofcyclin DL 
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Diffuse Large B-Cell Lymphoma 

Aggressive tumors that respond well to cheniothempv. Linked to infection 
w ith KBV/HHV-8. 

Association: t{14;18) translocation. 
lid,! gene. 

Burkitt's Lymphoma 

Result from a MYC gene mutation resulting in overespression. In Africa 
the tumors arise in the maxilla or mandible. In North America abdominal 
tumors arc more common. Very aggressive growth pattern hut amenable to 
chemotherapy. 

Association: KBV infection. 

I listology: "Starry sky” pattern. 


ACUTE LEUKEMIAS 


Proliferation of immature white blood cells. A block in differentiation leads to 
overproduction ot premature cells with a prolonged generation time. There 
is accumulation of lymphoblasts in the blood and bone marrow. The major 
clinical consequences arc suppression of RBCs, WBCs, and platelets (pancy¬ 
topenia). Therapeutically, the aim is to suppress leukemic clonal expansion to 
allow the other blood cells to grow. 

Acute Lymphoblastic Leukemia (ALL) 

Occurs most commonly in children, representing one-third of all pediatric 
cancers. Patients present with petcchiae, bleeding, frequent infections, fever, 
fatigue, and bone pain. Cure rates arc high, now above 80% in complete 
remission. Blood smear reveals numerous lymphoblasts (pre-B or pre-T cells), 
typically from one stem cell progenitor. The lymphoblasts’ nuclei are some¬ 
what coarse w ith clumped chromatin and one or two nucleoli. 

Philadelphia (Ph) chromosome: Poor prognosis associated with transloca¬ 
tions involving the AfLI gene on chromosome I lq22 [(t9;22)(q?4;ql 1)] 
(the Ph chromosome). 

Association: Downs syndrome. 

Acute Myeloblastic Leukemia (AML) 

More common in children, accounts tor 20% of pediatric leukemias. Survival 
rates arc about ^0%. Patients present similarly to those with acute lympho¬ 
cytic leukemia. Tumors are marked by a blockage in the differentiation of 
early mvdoid cells. Immature myeloid cells (myeloblasts) accumulate in the 
marrow, replacing normal elements, and frequently circulate in the peripheral 
blood, 

Auer rods: Distinctive red-staining rod-like structures present in the pro- 
myelocytic variant. 

AML M> (acute promyelocytie leukemia): llypergraiiularpromyelocytes, 
often with many Auer rods per cell, and may have reniform or bilobed 
nuclei. The presence of t(15;I7)(q22;ql2) translocation is characteristic, 
and this type responds well to retinoic acid therapy. 




CHRONIC LEUKEMIAS 


Proliferation of mature cells, with a more prolonged, less devastating course 
than the acute leukemias. 

Chronic lymphoblastic leukemia (CLL) 

More common in the elderly and presents with lymph adenopathy and hepa- 
tosplenomegaly. Stem cell progenitor produces large amounts of functionally 
incompetent lymphocytes. Patients present with all the signs and symptoms 
of decreased RBCs f platelets, and functional lymphocytes. Overexpression of 
bcl-2 leads to suppression of apoptosis. 

Smudge cells: l Jpon preparalion of a PBS, Cl .1cells arc fragile and prone 
lo breaking during the preparation process, producing a characteristic 
smudge on the slide*. 

Chronic Myelogenous Leukemia (CML) 

Increased myeloid stem cell proliferation. Can evolve into AML (“blast cri¬ 
sis")- Most patients present with splenomegaly and leukocytosis. 

Associations: Ph chromosome, t(9;22)^:md hcr-dhl gene. 

Blast crisis: Similar lo acute leukemia, patients nave an overwhelming 
number of blast cells in circulation or within the bone marrow. May indi¬ 
cate the acquisition of new chromosomal abnormalities. Surv ival is short 
at this point 


OTHER LEUKEMIAS AND LYMPHOMAS 


Extranodal Marginal Zone Lymphoma {MALT Lymphoma) 

Low-grade B-cell tumors arising most commonly in Mucosal-Associated Lem¬ 
pira tic Tissue (salivary glands, small and large bowel, and lungs). May occur 
in the setting of Helicobacter pylori infection when treatment with antibiotics 
and eradication of the organism leads to tumor regression. 

Hairy Ceil Leukemia 

Uncommon leukemia distinguished by the presence of leukemic cells that 
have fine, hair-like cytoplasmic projections. Cells express CD 19/20 and sur¬ 
face Ig, as well as CD11 c/103 (this is abnormal). The hairy cells can usually 
he seen in the PBS. 

Mycosis Fungoides/Sezary Syndrome 

Tumors of peripheral CD4* T cells characterized by involvement of the skin 
and therefore belonging to the group of cutaneous T-ccll lymphomas. 

Sczary syndrome: Condition in which skin involvement is manifested 
clinically as a generalized exfoliative erythroderma along with an associ¬ 
ated leukemia of Sevan cells. Results in a physical presentation termed 
leonine facies. 

Adult T-Cell Leukemia/Lymphoma 

T-ccll neoplasm caused by infection with a retrovirus (human T-ccll leukemia 
virus type l |MTLV-l]). Characterized by skin lesions, generalized lymph- 
adenopathy. hcpntnsplenomegaiy, hypercalcemia, and an elevated leukocyte 
count with multilobed CD-I lymphocytes. May cause progressive demvelinat- 
ing disease of the CNS, 
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CHROMOSOMAL TRANSLOCATIONS 


Many leukemias and lymphomas arc characterized hy a specific chromosomal 
translocation. Knowledge of the more common translocations can help yield 
a diagnosis (and answer test questions) (see I able d-H). 


PLASMA CELL DYSCRASIAS 


Group of B-cell neoplasms caused by tire expansion of a single clone of 
immunoglobulin-secreting cells. An increase in serum levels of a single homo¬ 
geneous Ig or its fragments results. 

Multiple Myeloma 

Most common. Proliferation of plasma cells occurs within the hone marrow 
and produces characteristic lytic lesions of the skeletal system. Patients will 
often he anemic and have an elevated total protein on lab analysis. 

Bence Jones proteins: Seen in the urine. Renal failure is a serious 
complication. 

Rouleau formation: Agglutination of RBCs so that they resemble slacked 
poker chips on blood smear. 

Monoclonal Gammopathy of Undetermined Significance (MGUS) 

Elevated immunoglobulin levels without the significant clinical manifesta¬ 
tions seen in multiple myeloma, 

Heavy-Chain Disease 

A disease in which only heavy chains are produced (usually of IgC, A, or \i 
class). 

Localized Plasmacytoma 

Presence of a single lesion in the skeleton or soft tissues (extraosseous). The 
extraosseous lesions typically present in the upper respiratory tract. 


TA B l E 4-13, Common Chromosomal Translocations 


Disease 

Translocation 

CML 

t(9;22) Ph chromosome 

Burkitt's lymphoma 

t(8;?4) t-myc 

Follicular lymphoma 

t(i4;?8> bd-2 

AML M3 type 

t(l 5; 17) 

Ewing's sarcoma 

t(1l;22) 

Mantle cell lymphoma 

t(ii;l4) 


mini 




























HEMATOLOGY AND ONCOLOGY 


CHAPTER 4 


LANGERHANS' CELL HISTIOCYTOSIS 


Itch lively rare eondi l ions that are characterized by the clonal proliferation of 
Langcrhans’ cells (dendritic APCs normally distributed most prominently in 
the skin). Langerhans* cells have inelu.sinn bodies (Birbecks granules), which 
arc often described as having a tennis racket—like appearance, 

Letterer-Siwe disease: Acute disseminated lamgerhans' cell histiocytosis. 
Occurs before 2 years of age. Dominant clinical feature is the develop¬ 
ment of skin eruptions, secondary to infiltration of l^angerhans 1 histiocytes, 
i Jand-Schuller-Christian disease: Combination of calvarial bone defects, 
diabetes insipidus, and exophthalmos. 

Vocal cord nodules: Smooth hemispheric protrusions located on the true 
vocal cords. These occur chiefly in heavy smokers and singers. 

Laryngeal papilloma: A benign neoplasm on the true vocal cords, which 
forms a soft, raspberry-like excrescence, and is rarely more than l cm in 
diameter. 

Juvenile laryngeal papillomas: Usually singular in adults but multiple in 
children. Associated with human papillomavirus types 6-1L 

Carcinoma of the Larynx 

Accounts tor 2% of all cancers. Presents in patients aged > 4U years, more 
often in men than in women. Associated with smoking and alcohol consump¬ 
tion and asbestos exposure. Manifests as persistent hoarseness. 

Glottic tumors: On the vocal cords, usually keratinizing, 

Supraglottic tumors: Above the vocal cords; one-third metastasize. 
Subglottic tumors: Below the vocal cords. 

Nasopharyngeal Carcinoma 

Strong link to THV, KBV infects the host by replicating in the nasopharyn¬ 
geal epithelium and then infecting nearby tonsillar B lymphocytes. High fre¬ 
quency in the Chinese, 
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MNEMONIC 


There is only l shaft of the bone 
(dia phys i s); p ri m a ry o sstfi ca tion 
centei is here. 

There are 2 ends of the bone 

(epiphyses); secondary ossification 
centers are here* 



KEY FACT 


Achondroplasia is a disorder that 
affects endochondral ossification 
at the epiphyseal cartilage plates in 
long bones, resulting in premature 
dosing of the epiphyses and short 
limbs. 



KEY FACT 


01 is often confused with child 
abuse, because exuberant healing of 
fractures creates callus. 01 may also 
mimic osteosarcoma. 




FLASH 

FORWARD 


Rickets is a disease ol children 
with vitamin D deficiency (and 
subsequently impaired calcium 
absorption) that affects the 
ossification of the epiphyseal 
cartilage plates. Softening, 
weakening, and bowing of the 
bones can occur 




Osteogenesis 

Development 

Rone develops from two sources: Mesenchyme (intra membranous ossifica¬ 
tion) and cartilage (endochondral ossification). 

Intranieinhmnoiis ossification: Mat bones, such as those I hat make up the 
skulk develop directly from mesenchyme in preexisting membranes. 
Endochondral ossification: Must bones, including long bones in the 
appendicular skeleton, develop frnin mesenchyme that lias condensed 
into cartilage first. The primary center of ossification in (lie cartilaginous 
model forms die shaft of the bone (diaphvsis)* The ends of the bone (epi¬ 
physes) remain cartilaginous fur several years after birth, during which the 
secondary centers of ossification appear Bone lengthening occurs in the 
epiphyseal cartilage plate at the diaphysial-epiphyseal junction until it ossi¬ 
fies hy about 20 years of age (see figure 5-1), 


Congenital Malformations 

Osteogenesis imperfecta (OI): Caused hy a deficiency in type I collagen, 
usually due to an autosomal dominant gene defect affecting collagen syn¬ 
thesis. Characterized by extreuieh fragile bones often resulting in fractures 
while still in utero. Also characterized by blue sclerae (thinning of sclerae 
overlying the choroidal veins leads to their subsequent reflection), poor 
wound healing, and bearing loss (in about 50%), 

Achondroplasia: Also known as aelmndrodysplasia. it is the most prevalent 
form of dwarfism. Autosomal dominant disorder caused 1>\ a mutation in 
the gene for a fibroblast growth factor (FGF-3) receptor on chromosome 
dp. Constitutive activ ation of 11 us receptor leads to inhibition of chondro¬ 
cyte proliferation. Endochondral ossification is impaired, as the epiphyseal 
growth plate becomes small and disorganized, preventing proper bone 
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figure 5 * 1 , Bone growth. Primary tissiliejilion center in the dinplivMs; seconder) ossifica¬ 
tion center in iIk* epiphytes. 














KEY FACT 


growth. This leads to dispropo r tin [lately short arms and legs, and often dis¬ 
proportionately large head and trunk. In some cases, severe spinal defor¬ 
mity may compress the spinal cord. Hoi nozygotes experience more severe 
disease that may result in neonatal death. Fisk factors include increasing 
paternal age. 

Marfan’s syndrome: An autosomal dominant mutation in the gene for the 
protein fibrillin (the fibrillin-1 gene is located on chromosome I5(|21.]} 
causes abnormal elastin libers that affect the skeletal, cardiac, and ocular 
systems. Skeletal changes include tall stature, long limbs, hvpcrcxtendable 
joints, long and tapering digits, pectus cxcavatum, and scoliosis (see Figure 
5-2). 

Gigantism and acromegaly: Hyperpituitarism causes excessive amounts 
of kill that can result in gigantism in infants (increased height and exces¬ 
sive body proportions) and acromegaly in adults (increased bone growth in 
the jaw, liands, and feet, as well as increased soft tissue and visceral organ 
growth). 1GK-1 levels are usually elevated secondary to excess Cl I; this is 
often seen in adolescence (secondary) to pubery, as well as in pathologic 
conditions. Further diagnostics include the oral glucose tolerance test 
(OGTT): Gi l level should decrease after an oral glucose load; if not. it is 
diagnostic of pituitary OH excess. 

Cretinism: Caused by a deficiency iti fetal thyroid hormone through any 
of the following etiologies: Lack of dietary iodine (especially in areas where 
there is little iodine m the soil and water); mutations in thyroid hormone 
synthesis; and agenesis of the thyroid gland. Characterized by mental retar¬ 
dation, short stature, impaired bone growth, and neurologic disorders of 
muscle lone and coordination. 



I 

Laron's syndrome is another form 
of dwarfism. It is an autosomal 
recessive disorder in which a 

defect in the growth hormone 
receptor (GHR) causes a lack of 
responsiveness to increased levels 
of GH in the body. 



Ocular findings in Marfan's 
syndrome include ectopia lentis 
(lens dislocation) in 50% of 
patients. Dislocation is usually 
upward and toward the temples. 
This is in contrast to edopia lentis 
in homocysUnurra, which is usually 
downward and into the anterior 
chamber* 



Marfan's syndrome is associated 
with ascending aortic dissection, 
mitral valve prolapse, and cerebral 
berry aneurysms. These are covered 
in the cardiovascular chapter. 



Cretinism is intimately related to 
thyroid hormone synthesis and 
hypothyroidism. 


FIGURE 5 - 2 * Marfan's syndrome, Nolc Ixmy changes, long limbs, and lung, tapering dig- 
its, (Courtesy of ihe Halt family.) 
































FLASH BACK 


The pharyngeal arches, poaches, 
grooves, and membranes Jorm 
much of the head and neck, 
including arches 4 and 6 that 
provide part of the structure of 
the viscerocranium: the laryngeal 
cartilage. These pharyngeal 
structures and their derivatives are 
covered in the general embryology 
section. 



KEY FACT 


The frontal suture usually disappears 
by age 6 years. If it remains after 
this age, it may be called a 'metopic 
suture" and can be confused with a 
fracture to the untrained eye. 


Skull 

Development 

Mesenchyme around the fetal brain develops into (lie skull, which can be 
divided into two parts: 

Netiroeraniuin: Includes the flat bones and base of the sktill. 
Viscerocranium: Includes the bones of the face and laryngeal cartilage. 

Most of the bones in the neurocraninm and viscerocranium are derived from 
neural crest cells, though there are some exceptions (the base of the occipital 
bone comes from I he mesoderm of the occipital sclerotomes, and the laryn¬ 
geal cartilage is derived from the pharyngeal arches 4 and 6), 

The Hal bones in the skull arc separated by flve connective (issue sutures 
which allow expansion of the skull while the brain grows: 

Frontal suture. 

Sagittal suture. 

Lnmbdnid suture. 

Cornual suture. 

Squamosal suture. 

Fontancllcs are areas between the flat bones of the skull where the sutures 
meet. As the surrounding bones grow, alt fonlanelles usually close by about 2 
years ot age, For it aue lies allow room for flic brain lo finish growing. There arc 
six fontanelles (see Figure 5-3): 

Anterior fontanelle: Closes by the end of the second year. 

Posterior fontanelle: Closes wilhin 2-3 months. 

Sphenoid fontanelle (2): (’lose within 2-3 months. 

Mastoid fontanelles (2): Close by the end of the first year. 


Congenital Malformations 

Microcephaly: Failure of the brain, and subsequently the skull, to grow. 
Affected children arc severely mentally retarded. The etiology may be an 
autosomal recessive genetic mutation or in-utero infection. 


Anterior Ion lane tie 



FIGURE 5*3. Normal skull of a newborn with sutures and fontanelles. 













Cramosynostoses: Premature cInsure of the sutures may lead to abnormal 
shapes of the skull: 

Oxycephaly: Early closure of the lamlxioid and coronal sutures can 
lead to a cone-shaped skull. This is the most severe form. 

Plagioccphaly: Unilateral closure of the lambdoid and coronal sutures, 
leading to an asymmetric skull. 

Scaphocephaly: Premature closure of the sagittal suture leads to an 
elongated skull in the anterior-posterior direction. It is the most com¬ 
mon form. 

Vertebral Column 
Development 

At week 4 of embryonic development, the mesenchymal cells from Hie scle¬ 
rotomes of the somites begin to surround the notochord, the neural tube, and 
the body wall. In each of these three areas, significant structures of the verte¬ 
bral column are formed. 

Around the notochord: Each sclerotome consists of a layer of loosely 
arranged cells cranial!) and a layer of densely arranged cells caudally. 
Some of the densely arranged cells move craniallvand form the interver¬ 
tebral disk. The rest of the dense cells combine with the loosely arranged 
ceils to form (lie centrum, The centrum forms the body of the vertebra. 
The notochord degenerates where il is surrounded by the developing ver¬ 
tebral bodies. Between the vertebral bodies, the notochord develops into 
the nucleus pulposus of the intervertebral disk (see Figure 5-4). 

Around the neural tube: Mesenchymal cells form the vertebral arch. 

In the body wall: Mesenchymal cells from the costal processes that then 
go on to form the ribs (see I lie section on rib development below), 

During week 6 of embryonic development, (he mesenchymal vertebra goes 
through chondrificaHon to create a cartilaginous vertebra. Two chondrifica- 
tion centers appear in the centrum to form a cartilaginous body. Chomlri- 



FLASH BACK 


In embryonic development, the 
neural tube becomes the spinal 
cord, and the notochord eventually 
forms the vertebrae. 



FLASH BACK 


The development of the vertebral 
column is likely regulated by paired 
box genes (transcription factors 
specific for a certain tissue type), 
and bomeobox genes (genes that 
have "homeobox" sequences that 
contain transcription factors involved 
in the development of an organism; 
1 lox 11 genes are a subset of these 
involved in development of the 
body axis). 
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MOURE 5-4. Early vertebral column development. (A) and f B) show transverse and frontal sections of a d-week-old embryo, respec¬ 
tively (G) and (D) show the same sections in a vvveek-old embryo. Note the condensation of sclerotome cells around the neural tube it ltd 
notochord by week r Also note how the loosely arranged cells and densely arranged cells form the body of the vertebra and how the noto¬ 
chord becomes the nucleus pul posits in between lire vertebra] bodies. 















fieafinn centers in the vertebral arch (originally from the neural lube} fuse 
with tfie centrum and each other, giving rise to llic spinous and transverse 
processes. 


B\ the end of developmental week 8 t three primary ossification centers 
appear: One in the centrum and two in the vertebral arch (one on each side). 
These lliree bony parts are connected hv cartilage at the lime of birth; they 
fuse together completely by the age of 5-6 years. After puberty, secondary 
ossification centers appear at the tips of the spinous and transverse processes 
as well as the rims of the vertebral body (the annular epiphyses). These cen¬ 
ters eventually fuse completely by Ibc age of 25 years. 



KEY FACT 

l_ 


The notochord is the embryotogical 
origin of the nucleus pulposus. 



KEY FACT 


The anulus fibrosis is made of type 
[11 cartilage. 


The following vertebrae do not ossify in lire above manner: 
h Atlas (Cl): l las no vertebral body, 

Axis (C2): l ias a dens (odontoid process) that is the developmental rem¬ 
nant of the body of the atlas. 

Sacrum: These five vertebrae fuse together to form a wall of the pelvic 
cavity. 

Coccyx: Four rudimentary' vertebrae fuse into a small triangle at the base 
of the spine. 

The four main spinal areas arc associated with four specific curvatures, two 
of w hich are primary (form during fetal development), and two of which are 
secondary (develop after birth). 

Cervical: Secondary; forms as the infant lifts its head. 

« Thoracic: Primary. 

I amihar: Secondary': forms after the child begins to walk. 

*i Sacral: Primary. 


Congenital Malformations 

Cl Hire to ma: This is a remnant of the notochord. One-third of chordomas 
become slowly growing, malignant tumors that infiltrate surrounding tis¬ 
sues including the bone, and usually form at the base of the skull growing 
into the nasopharynx. Chordomas can occur anywhere along I tic spine, 
with many occurring in the lumbosacral and sacrococcygeal areas as wel 


>rcsen! with diplopia and bead- 
leg pain (if in the lumbosacral 
isiff of patients surviving past 5 


Depending on the location, patients can 
ache (if near the skull), or lower back ant 
spine). The prognosis is poor, with only 
years. 

Variations in the number of vertebrae: 'The vast majority of people have 
a total of 55 vertebrae: 7 cervical, 12 thoracic, 5 lumbar, 5 sacral, and 4 
fused in I he coccyx. Less commonly, people either have one vertebra too 
many or one too few. It is extremely rare tor variations to occur iu the cer¬ 
vical region. 

KUppcl-Fetl syndrome (fnevieollk): A syndrome with the following con¬ 
stellation of s) mptoms: 

Short neck. 

Decreased range of motion in live cervical spine, 
it Low hairline. 

It is caused by fusion of the cervical vertebrae, though the etiology is 
unclear. Defects in the thoracic and lumbar spine causing scoliosis arc 
common in tins disorder. Renal anomalies and bearing loss arc also 
common. 
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CHAPTER 5 


Spina Bifida 

This spinal defect occurs when lire hvo halves of the vertebral arch fail to 
fuse, most commonly in the lumbosacral region iL5 and/or SI). Because of 
Ihe defect, the vertebral arch consists of two parts* and is hence '‘bifid ” There 
arc many variations of spina bifida* ranging from mild lo severe* depending on 
to what degree the spinal cord and/or meninges protrude through the defect 
(see Figure 5-5), 

Spina bifida occulta: This is the mildest version, occurring in 10%-25% 
of the population. The spinal cord ami nerves arc usually normal, and 
there arc no clinical symptoms other than a small tuft of hair that may 
grow in the lumbosacral region of the hack. 

Spina bifida with meningocele: A type of “spina bifida cystica" in which 
a sac containing meninges and cerebrospinal fluid protrudes through the 
vertebral defect. The spinal cord is not affected* 

Spina bifida with meningomyelocele: A more severe type of "spina bifida 
cystica" in which the sac protruding through the vertebral defect contains 
not only meninges and CSF, but the spinal cord and/or nerve roots as well. 
The patient is more likely to have neurologic symptoms with this disorder. 
Patients are also more likely to have latex allergies* \rnnld-Cbiari malfor¬ 
mations* and syringomyelia. 

Spina bifida with ruchischisis: The most severe type of "spina bifida cys¬ 
tica” in which there is an open neural lube due to the failure of the pos¬ 
terior neuropore to close at the end of week 4 of embryonic development, 
t his results in the spinal cord actually protruding through the vertebral 
defect all the way to the skin, being exposed to the outside of the body* 
Often fatal. 



FLASH BACK 


When a similar bony defect 
occurs at the base of the skull, 
a meningocele (protrusion 
of the meninges and CSF), 
meningoencephalocele (protrusion 
of the meninges and brain), or 
meningohydroencephalocele 
(protrusion of meninges, brain, and 
ventricle) may occur. 
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figure s - s, Spina bifida. Note flic range of spina bifida types, depending on wlul pro- 
trades through the vertebral arch defect. (A) Spina bifida occulta* (BT>) These defects arc all 
under the umbrella term of “spina bifida cystica" became of their cyst-like sac protrusion 






KEY FACT 


The "triple screen" is a blood test 
that measures AFP, [Shuman 
chorionic gonadotropin, and 
uneonjugated esiriol, It is done 
at weeks 16-18 of pregnancy to 
estimate the nsk of a fetus having 
certain birth defects or health 
problems, A high level of AFP 
should lead one to consider spina 
bifida, though it may also be seen 
in other congenital disorders such 
as anencephaly, In contrast, Down's 
syndrome may cause a J down ,r 
(low) AFP level. 



KEY FACT 


When testing a patient for thoracic 
outlet syndrome, look for Adson's 
sign: Have the patient maximally 
extend the neck and rotate the head 
toward the side being tested. Look 
for a decrease in the ipsilateral radial 
pulse and listen for a subclavian 
bruit 



FLASH BACK 

h_ 


The interscalene triangle is 

bordered anteriorly by anterior 
scalene, posteriorly by middle 
scalene, and interiorly by medial 
surface of the first rib. An accessory 
cervical rib can compress this 
small area causing thoracic outlet 
syndrome. 



The brachial plexus is compressed 

in thoracic outlet syndrome. 

Check the neurology chapter for the 
peripheral nerves that stem from the 
plexus to understand the anatomic 
distribution of symptoms. 


The maternal scrum level of a-fetoprotein (AH 1 ) is high in spina bifida. Fur¬ 
ther evaluation using ultrasound can be done during the first trimester 

Causes of neural tube defects such as spina bifida cystica include genetic fac¬ 
tors, increased alcohol intake during pregnancy, a ml certain drugs taken dur¬ 
ing the first trimester, most notably valproic acid, an anticonvulsant. All preg¬ 
nant women should take folic acid supplements to help prevent neural lube 
defects. 

Hemivertebra 

This malformation occurs when one of the two ehondrification centers in flic 
centrum fails to appear. Only half of the vertebral body is then able to form. 
This produces a lateral curvature and rotation of the spine known as scoliosis. 

Spondylolisthesis 

This detect occurs when the vertebral arcli pedicles fail to fuse with the ver¬ 
tebral bod) , allowing the vertebral body to be displaced anteriorly, causing an 
anterior curvature of the spine known as lordosis. 

Ribs 

Development 

Mesenchymal cells from the sclerotomes of (he somites that surround the 
body wall form the costal processes that develop into ribs. Though costal pro¬ 
cesses occur at all vertebrae, only the thoracic vertebrae develop ribs. The 
“true ribs' arc the first seven that attach to the sternum. The "false ribs," ribs 
8—1 2 t attach to the sternum via other ribs. The last two ribs are “floating ribs" 
that do not attach to the sternum at all. 

Congenital Malformations 

Accessary ribs: An extra rib can develop from the costal processes of a cer¬ 
vical or lumbar vertebral body. Though a lumbar rib is more common, a 
cervical rib arising from G7 can cause thoracic outlet syndrome. In this 
syndrome, the extra cervical rib can compress the neurovascular bundle at 
the thoracic outlet. 

The lower nerve roots of the brachial plexus {C8 and Tl) are affected 
most commonly, leading lo neurologic symptoms such as pain and tin¬ 
gling in the ulnar nerve distribution. 

The upper nerve roots (C5, C(\ and C7) can also be compressed, caus¬ 
ing similar symptoms in the radial nerve distribution as well as the 
neck, car, and torso. 

A compressed subclavian vein can lead to swelling and cyanosis in 
the upper extremity of the affected side, and a compressed subclavian 
artery can cause [jailor, pulselessness, low-BP, coolness, and rare small 
infarcts in the affected upper extremity. 


Limbs 

Development 

Development of the limb bones begins when the early limb buds form at 
about the Fourth week of embryonic development, By the fifth week, mesoder¬ 
mal cells from the lateral plate migrate into the limb buds. Structures at the 
base and outer edge of the limb buds are important to know. 

A thickened region of ectoderm called the apical ectodermal ridge (AER) 
develops at the edge of the limb bud and produces FGF that induces the 
mesodermal cells to grow outward and form cartilage. 









The zone of polarizing activity at Ihe base of ihc limb bud produces the 
sonic hedgehog protein which activates Immeobox-contaming (ffox) 
genes that direct the patterned organization of the limbs and digits* 

The rest of limb development follows this general timeline: 

Week 6: Digital rays develop in the hands and feet, and digit formation 
involves selective apoptosis within the AKR. By the end of week 6, the car¬ 
tilaginous models of the limb bones are complete* 

Weeks 7-12: The long bones undergo endochondral ossification as dis¬ 
cussed previously, and most of the primary ossification centers develop. 
Before birth: Several secondary 1 ossification centers develop, though many 
develop after birth as well. 

Adult age: The primary ossification in the diaphysis does not fuse with the 
secondary ossification in the epiphysis until adult age, allowing for com¬ 
plete bone growth. At this time, the epiphyseal plate between the two 
finally ossifies, and bone growth ends* 

Congenital Malformations 

Limb anomalies range from problems affecting limb bud development caus¬ 
ing complete absence of limbs, to problems in the growth or differentiation of 
limbs, causing shortened or deformed extremities* The anomalies listed below 
may be caused by genetic factors, environmental factors, or both* 

Amelia: Complete absence of one or more limbs* often due to maternal 
ingestion of a teratogen, such as thalidomide. 

Mcromelia: Partial absence of one or more limbs. 

Cleft hand and foot: Also known as u lobster-claw deformities ” Several of 
the digital rays fail to develop centrally; I lie lateral digits fuse* causing a 
claw-shaped hand or foot* 

Congenital clubfoot: A common anomaly occurring about once in every 
1000 births, involving any deformity in the ankle bone (talus) of the foot. 
The most common type of clubfoot is talipes equinovarus, in which the 
foot is inverted and turned in medially. A genetic predisposition seems to 
be involved. The majority of cases involve abnormal positioning of Ihc feel 
in the uterus. 

Anomalies of the digits: 

Polydactyly: An autosomal dominant trait that causes extra fingers or 
toes to develop, usually medially or laterally* More common in Afri¬ 
can Americans. In Caucasians, polvdactvlv is associated with heart 
disorders. 

Syndactyly: This is the most common limb anomaly and may be cither 
autosomal recessive or autosomal dominant. Cutaneous syndactyly 
involves simple webbing of I he digits* usually in the toes. A more severe 
form is osseous syndactyly in which the bones of the digits fuse (as in 
the lateral digits in clubfoot) when the divisions between the digital 
rays fail to develop. 

Brachydactyly: 1 lypoplasia of the fingers or toes. It is uncommon, often 
inherited as an autosomal dominant trait* and usually associated with 
short stature. 

Ilolt-Oram syndrome: Also known as heart-hand syndrome* Due to 
mutations in the TBX5 gene on chromosome 12, a factor important in 
both cardiac and upper limb development* 'The main manifestations of 
this disorder commonly include atrial septal defects and abnormalities 
of the thumbs. Other cardiac abnormalities include ventral septal defects, 
atrioventricular block, and atrial fibrillation. 



KEY FACT 


The cartilage of the upper limbs 
develop before that of the lower 
limbs. The clavicle is the first bone 
to undergo primary ossification: 
however, this is closely followed 
by the femurs. The first secondary 
ossification site is in the knees. 



FLASH BACK 


Many trisomy syndromes are 
associated with limb defects. 

■ Trisomy 21 (Down's syndrome): 
Clinodactyly (curving of the 
fingers). 

■ Trisomy 18 (Edwards' 
syndrome): Flexed digits and 
*rocker-botionT feel 

■ Trisomy 13 (Patau's syndrome): 

Polydactyly, 

9 Defects in chromosome 12 can 
cause Holt-Oram syndrome, 

described in this section. 



KEY FACT 


The critical window of limb 
development occurs during the third 
to fifth week. Teratogens ingested 
early in this window may cause 
severe defects. In the late 1950s 
and early 1960s f many mothers 
took thalidomide, a sedative and 
antiemetic which caused severe 
teratogenic limb defects including 
amelia. 



r - 

FLASH BACK 
._ 


Today the only FDA-approved use 
for thalidomide is pain relief from 
erythema nodosum leprosum, the 
skin manifestation of leprosy* 








Congenital hip dislocation: A ven common disorder, affecting about one 
in every 1000 infants. Predisposing factors include female gender. Native 
American heritage, first-born status, and breech birth. Diagnosed by physi¬ 
cal exarm 

Positive Ortolan is test: One hears a low-pitched click when abducting 
the hip. 

Positive Barlows maneuver: While keeping hips in the adducted posi¬ 
tion, one hears a click when applying gentle pressure posteriorly. 
Positive Galeazzfs sign: One leg appears longer than I he other. This 
mav be more reliable for diagnosis in older infants. 

Treatnrent includes a Pavliks harness, then open or closed reduction, depend¬ 
ing on the age and severity of disease. 


MUSCULAR SYSTEM 



KEY FACT 


The dilator pupiEEae and sphincter 
muscles of the iris originate from 
neuroectoderm, not mesoderm. 


Almost all muscles in the human boclv develop from mesoderm (the notable 
exceptions being the dilator pupil lac and sphincter of the iris that develop 
from the neiirocclnderm). Cardiac and smooth muscles develop from 
splanchnic mesoderm, whereas most skeletal muscles develop from regions 
of the somites called myotonies. Developmental anomalies can lead to the 
absence of or variation in muscles, which are generally benign. 

Skeletal Muscle 

Mesenchymal cells in the myotome areas of the somites differentiate into 
myoblasts that then elongate and fuse into tubular structures called myo- 
tubes. Fibroblasts and ihc external laminae that form around the muscle 
tubules encase the muscle in a fibrous sheath during its development. Myo¬ 
filaments* myofibrils, and other muscle-specific organelles develop early. Skel¬ 
etal muscle starts to grow as myo tubes fuse together; after the first year, the 
increase in myofilaments leads to muscle growth. 


Different myotonies give rise to different muscles in the body, general!} 
depending on location. 


Muscular Development of the Head and Neck 

Preoptic myotonies give rise to extraoeular muscles. 
Occipital myotonies give rise to I lie tongue muscles. 


Muscular Development of the Trunk 

Each myotome of each somite in the trunk region divides into two parts: An 
epaxial division on the dorsal side and a hvpaxial division on the ventral side. 
Each developing spinal nerve splits to innervate both areas: a dorsal primary 
ramus to the former and a ventral primary ramus in the latter. 

Epaxial myotonies develop into intrinsic hack muscles and extensor mus¬ 
cles of the neck and vertebrae. 

Hvpaxial myotonies develop into limb, abdominal, and intercostal mus¬ 
cles, as well as the following based on location: 

Cervical myotonies form the prevertcbral. geniohyoid, infrahyoid, and 
scalene muscles. 

Thoracic myotonies form the flexor muscles of the vertebrae. 

Lumbar myotonies form the quadratus lumborum muscle. 
Sacrococcygeal myotonies form pelvic diaphragm muscles. 
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Muscular Development of the Limbs 

Mesenchyme from Hie myotonies in the limb buds condense into two areas: 
posterior and anterior condensations. 

The posterior condensations form: 

Extensor and supinator muscles in the upper limbs. 

Extensor and abductor muscles in the lower limbs. 

The anterior condensations form: 

Flexor and pronator muscles in the upper limbs. 

Flexor and adductor muscles in the lower limbs* 


Development of the Diaphragm 

The diaphragm arises from several different parts of the developing body cav¬ 
ity and functions to separate the abdominal cavity from the thoracic cavity. 
The embryonic components making up the diaphragm include: 

Septum tninsvcrsum. 

Pleuroperitoneal folds. 

Body wall. 

Dorsal mesentery of the esophagus* 

At around week 1 of embryonic development, the septum transvemim devel¬ 
ops from the ventral aspect of the body wall, growing dorsally to separate the 
heart from the liver. It forms the primordium of the central tendon of the dia¬ 
phragm, winch is innervated bv the phrenic nerves. The septum Ininsvcrsmu 
eventually fuses with the pleuroperitoneal membranes and esophageal mes¬ 
entery' to complete the primordial diaphragm* The pleuroperitoneal mem¬ 
branes initially make up a large dorsal portion of the primordial diaphragm, 
but contribute very Utile to the infant’s diaphragm* The esophageal mesentery 
forms the median portion and crura of the diaphragm. 


r*] 


MNEMONIC 


Several Parts Build Diaphragm: 

Septum transversum 
Pleuroperitoneal folds 
Body wall 

Dorsal mesentery of esophagus 


Later in embryonic development between weeks 9 and 12 t the internal mus¬ 
cular layer of the lateral body wall fuses with the primordial diaphragm, con¬ 
tributing to its periphery and then forming the costodiaphragmatic recesses 
(see Figure 5*6)* 


Smooth Muscle 

Splanchnic mesenchyme around the primordial gut endoderin develops 
into the smooth muscle in the GI tract. Somatic mesoderm gives rise to the 
smooth muscle in Ihe walls of blood and lymphatic vessels. 

Cardiac Muscle 

Mesenchyme around the heart tube migrates from the lateral splanchnic 
mesoderm and then develops into cardiac myoblasts. Unlike skeletal muscle, 
cardiac muscle fibers do not fuse together, but rather differentiate and grow as 
single cells. By week 4 of development, heart muscle can be recognized in the 
embryo. 



FLASH BACK 


Heart muscle (and CNS) can be 
recognized in the embryo by A 
weeks of gestation. 


Congenital Malformations 

Congenital diaphragmatic hernia . Also known as hiatal hernia, ibis condition 
occurs with incomplete development of the diaphragm, usually a postero¬ 
lateral defect on the left* Because the abdominal contents herniate into the 
thorax, the lungs arc not able to expand fully, thus resulting in pulmonary 
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FIGURE 5*6, Development of the diaphragm. The different component making up the diaphragm in ;m embryo at 5 weeks (A), 

U weeks (Hi. and 12 weeks (C). The diaphragm of mi iiiftmi (D), Please note that though the pleuroperitoneal mend mi tig makes up much 
of the posterior aspect of the diaphragm in the embryo, the muscular ingrowth from the body wall takes over much of that region by the 
time the infant is bom. 


hypoplasia, and in rare severe eases, pneumothorax. Polyhydramnios is often 
associated with congenital diaphragmatic hernia. Prenatal diagnosis requires 
MRI or ultrasound evidence of abdominal organs displaced into the thorax* 

Prune belly syndrome. This syndrome occurs when abdominal musculature 
is severely underdeveloped or even absent, most likely due to the involvement 
of myoblasts in the hypaxial myotonies. Urinary tract defects are commonly 
associated* including tortuous and dilated ureters, prostatic hypoplasia, and a 
thick-walled bladder. Cryptorchidism is extremely common. Pulmonary hypo¬ 
plasia is also seen due to the pressure of the abdominal contents on die thorax* 
Diagnosis is made with neonatal ultrasound, and treatment includes surgical 
repair for severe eases. 

Poland's syndrome . 'I bis uncommon anomaly occurs when the peel oral is 
major muscle is completely or partially absent. Often, just the sternal head 
of the pectoral is major is absent There may also be partial absence of the ribs 
and sternum, mammary gland aplasia, nipple hypoplasia, and absence of the 
serratus anterior and latissunus dorsi muscles* This syndrome usually causes 
no disability, as the shoulder muscles are able to compensate for the missing 
muscle* 

Congenital torticollis. This occurs when the sternocleidomastoid (SCM) 
muscle is either injured at birth or congenitally shortened such that the 
infants head is rotated and tilted in a fixed position. Contraction of one SCM 
lilts the head ipsilaterally, but due to the attachment of the SCM to the mas¬ 
toid process posterior to the fulcrum of the head* rotation is in the contralat¬ 
eral direction* So, if the head is turned right, the left SCM is involved* 

Accessory muscles . Generally benign, accessory muscles can occur virtually 
anywhere in the body. One of the more common and occasionally clini¬ 
cally significant cases includes that of an accessory soleus muscle, which is 
believed to affect about 6% of the population. In embryonic development, the 
sold is muscle may split to form an accessory muscle* Occasionally, this devel¬ 
opment can cause pain in the posteromedial area of the ankle after strenuous 
exercise. 







Two types of connective tissue make up the skeletal system: bone and carti¬ 
lage. Ail bones are made up of an outer layer of compact bone and an inner 
mass of spongy bone (mainly replaced by a medullary cavity) with different 
bones having different relative amounts of each. Compact hone is primarily 
for weight bearing, while the medullary cavity and areas around the spongy 
bone spicules house I lie formation of blood cells and platelets (see Figure 
5-7). Cartilage forms in the areas of the skeletal system where movement 
is required. Unlike hone, cartilage does not have its own blood supply anti 
receives nutrition via diffusion. 

There are two main divisions of the skeletal system: the axial skeleton (skull, 
vertebrae, hyoid bone, ribs, and sternum) and the appendicular skeleton 
(limb bones, shoulders, and pelvic girdles). 

Major Bones 
Skull 

The bones of the skull can be divided into two main groups: The neurocra¬ 
nium and visceroeranium. 



Compact 

bone 


Spongy 

bone 


Com pad 
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Medullary 
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FIGURE 5-7. Humerus with transverse sections, (himpud Ixmc, sptmg\ hour, am I the 
medullary cavity arc shown. 








FLASH 

FORWARD 


The pterion is the area where four 
of the bones of the neurocranium 
meet: frontal, parietal, temporal and 
sphenoid. It is at this structurally 
weak point where the middle 
meningeal artery is easily ruptured 
in the event of trauma to the side 
of the head, causing an epidural 
hematoma. 




MNEMONIC 


Structures passing through the 
superior orbital fissures: Lazy 
French Tarts Sit Naked In 
Anticipation Of Sex. 

Lacrimal nerve (branch of the 
ophthalmic nerve, CN V t ) 

Frontal nerve (branch of the 
ophthalmic nerve, CN V,) 

Trochlear nerve (CIM IV) 

Superior division of the oculomotor 
nerve (CN III) 

Nasociliary (branch of the ophthalmic 
nerve, CN V,) 

Inferior division of the oculomotor 
nerve (CN Ml) 

Abducens nerve {CN VI) 

Ophthalmic vein 
Sympathetic fibers 


The ncurocranittm houses the brain and associated blood vessels, cranial 
nerves, and meninges* It consists of eight mostly flat bones that arc connected 
by sutures: 

a Frontal bone* 

*1 Parietal bones (2). 
m Temporal bones (2), 
w Occipital bone, 
a Sphenoid bone. 

Ethmoid bone (along with parts of the temporal and occipital bones, 
makes up the base of the skull). 

The major sutures connecting the bones of the ncuroeranium arc as follows: 

Coronal suture: Connects the fronlal hone with the parietal hones. 

Sagittal suture: Connects the two parietal bones. 

Squamosal sutures: Connect the temporal bones with the parietal bones, 
ii Lamlxloid suture: Connects the occipital bone with the parietal and tem¬ 
poral bones. 

The viscerocra ilium, as the name implies, makes up the “face*' of the skull — 
namely, the orbits, nasal cavities, and jaw. It consists of 14 bones (see Figure 
5-8): 

u Nasal bones (2). 

^ I *acrimal bones (2). 

Zygomatic bones (2). 

» Vomer. 

Palatine hones (2). 

Inferior nasal coneliae (2). 
u Maxillae (2). 

Mandible. 


Coronal suture 
Pterion 
Fronlal bone 


Maxilla 

Coronoid 
process 

Menial foramen 



Parietal bone 

Temporal bone 

Lambdoidal 

suture 

Temporo¬ 
mandibular joint 

Ext.occipital 
tuberance 


■ Mastoid process 
Head of mandible 
■ Styloid process 
‘Tubercle 
Angle ol mandible 


FIGURE 5 - e. Lateral view of trie skulk (Modified, with pennisvirm, (reini White JS, 
L r S\\J/ J-. Road Map: Gross Aim to my. 2ml cd. New York: McGruw-l I ill, 2006: IftHJ 
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The inner surface of the cranial base contains three depressions: the anterior 
fossa, middle fossa T and posterior fossa. Through each fossa various nerves 
and blood vessels are transmitted through holes in the skull called foramina* 
Knowing the structures associated with each foramina is extremely high-yield 
for Step I (see Table 5-1). 

Vertebral Column 

The vertebral column is made up of 33 vertebrae (see f igure 5-9). A typical 
vertebra has a vertebral body anteriorly (to support bodv weight), a vertebra! 




MNEMONIC 


Structures passing through the 
foramen ovale: MALE 

Mandibular nerve (CN V 5 ) 
Accessory meningeal artery 
Lesser petrosal nerve 
Emissary veins 


TABLE 5 -1, Structures Transmitted Through Skull Foramina 

III. . WlHHlimnn -r~m I itj i ■ i urn I wr*** Iiittint tt. i -j ujiii i i u ti I ij 4 j : i ii ■ mn l 111! nvni -i namnniwmttl i u *t 1 j mrtm 1111 urn Ilf fi rtnuf uu jjjmu INN 1 

Foramen Bone Fossa Transmitted Structure(s) 

Cribriform plate foramina 

Ethmoid 

Anterior 

Olfactory nerve (CN 1). 

Optic canals 

Sphenoid (lesser wing) 

Middle 

Optic nerves (CN II). 




Ophthalmic arteries. 

Superior orbital fissures 

Between the lesser and greater 

Middle 

Ophthalmic veins. 


wings of the sphenoid 


n CNtlL 


CN tV. 

CN (ophthalmic). 
CN VI, 

Sympathetic fibers. 


Carotid canal 

Between temporal (petrous 
portion) and sphenoid (greater 
wing) 

Middle 

Internal carotid artery. 

Foramen rotundum 

Sphenoid (greater wing) 

Middle 

CN V 2 {Maxillary). 

Foramen ovale 

Sphenoid (greater wing) 

Middle 

CN Vj (mandibular). 

Accessory meningeal artery. 

Lesser petrosal nerve. 

Emissary veins. 

Foramen spinosum 

Sphenoid (greater wing) 

Middle 

Middle meningeal artery and vein. 

Foramen lacerum 

Between temporal (petrous 
portion) and sphenoid 

Middle 

Nothing transmits through, but the internal carotid artery 
passes across it. 

Internal acoustk meatus 

Temporal (petrous part) 

Posterior 

CNs VII and VIII. 

Jugular foramen 

Between temporal (petrous 
portion) and occipital 

Posterior 

CNs IX, X, and XV internal jugular vein, sigmoid sinus. 

Hypoglossal canal 

Occipital 

Posterior 

CN XII. 

Foramen magnum 

Occipital 

Posterior 

Spinal roots of CN XI, vertebral arteries, anterior and 
posterior spinal arteries, dural veins, medulla, meninges. 

Mastoid foramen 

Temporal (petrous) 

Posterior 

Mastoid emissary vein from the sigmoid sinus. 
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figure 5-9. A typical cervical and a thoracic vertebra, (A) Cervical vertebra (B) thoracic 
vertebra, 


arch posteriorly {made up of pedicles and laminae that serve to protect the 
spinal cord), and seven processes that sene differcnl functions: 

The spinous process projects posteriorly and lias the function of muscle 
attachment and movement. 

The two transverse processes project posterolaterally and have the same 
function as the spinous process. 

Four articular processes (two superior, two inferior) project from the same 
place as the transverse processes, but serve to guide movement 

These vertebrae are divided into five areas, each area with a specific 
curvature: 

Cervical: 

C1-C7. 

Secondary curve resulting from the infant lifting its head. 

Thoracic: 

■■ T1-T12. 

Primary curve from fetal development. 

Kyphosis is an exaggeration of this curve that can be due to osteoporo¬ 
sis (leading to wedge fractures) or disk degeneration. 
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>i Lumbar: 

■I. L1-L5. 

Secondary curve resulting from walking. 

Lordosis is an exaggeration of Ibis curve that can be clue to pregnancy, 
excess abdominal fat, or spondylolisthesis {see below). 

■ Sacral: 

- S1-S5, 

Primary curve from fetal development. 

Coccyx = 4 fused vertebrae. 

Excessive lateral curvature of the vertebral column is called scoliosis. The 
vertebrae also rotate such that the spinous processes move toward the abnor¬ 
mal curvature. Scoliosis can result from different lengths of the lower limbs, 
hemivertebra (in which half of a vertebra docs not develop), and weakness of 
intrinsic hack muscles on one side (known as myopathic scoliosis). The most 
common form of scoliosis is idiopathic and may have a genetic contribution. 

Between each vertebra (except the C1-C2 space) is an intervertebral disk 
which serves as a shock absorber and distributes weight. Each disk is made up 
of an outer fibrous ring known as live anulus fibrosus, and an inner gelatinous 
mass known as the nucleus pulposus. 

Pelvis 

The pelv is is made up of two hip bones (each consisting ot an ischium, 
ilium, and pubis that join to form the acetabulum, which articulates with the 
femur), the sacrum, and the coccyx. 

The pelvis is divided into the greater pelvis (false pelvis) and lesser pel¬ 
vis (true pelvis) by the pelvic inlet. The pelvic inlet is the plane passing 
through the SI vertebral body (the sacral promontory) and the terminal lines 
(including the pubic crest, iliopectineal line, and arcuate line of the ilium). 
The pelvic outlet is the plane passing through the pubic symphysis anteri¬ 
orly. the inferior pubic rami and ischial tuberosities laterally, and the coccyx 
posteriorly. 

The greater pelvis is superior to the pelvic inlet and contains abdominal 
organs such as the ileum and sigmoid colon. It is bound by the abdominal 
wall anteriorly, the iliac crests laterally, and LS/S1 posteriorly, 

The lesser pelvis lies between the pelvic inlet and pelvic outlet, it contains the 
pelvic viscera (thus making it the “true pelvis") including the urinary bladder, 
uterus, and ovaries. The pelvic diaphragm lies interiorly (see Figure 5-10). 

Upper Limbs 

Each upper limb is made up of four basic skeletal segments: 

Pectoral girdle: Scapula, clavicle 
Arm: I luinerus 

Forearm: Ulna (medial), radius (lateral) 

Hand: Carpus, metacarpus, phalanges 

It is important to know how the nerves in the arm relate to the various parts of 
the humerus. The axillary nerve runs along the surgical neck of the humerus. 
The radial nerve runs in the radial groove, as the name suggests. The median 
nerve runs along the distal humerus. The ulnar nerve runs posterior to the 
medial epicondyle (making this nerve responsible for the “funny hone” sen¬ 
sation). 



FLASH BACK 


Spondylolisthesis is a cause of 
lordosis. Due to the failure of the 
pedicles to form properly, one or 
more of the lumbar vertebral bodies 
are free to move anteriorly, causing 
exaggerated curvature. 



Dystocia, or abnormal/difftcult labor, 
can be caused by the inability of 
the infant to pass through the pelvic 
inlet. The pelvic inlet may be too 
small (especially in android and 
platypelloid shaped pelvis) or the 
baby too large (macrosomia). 



KEY FACT 


The clavicle is the first long bone to 
ossify and the last of the epiphyses 
to fuse completely. Ossification starts 
at around 5-6 weeks in embryonic 
development and does not finish 
until somewhere between the ages 
of 25 and 31 years- 
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FIGURE 5*10. Views of the bony pelvis, (Modified, with permission, from While JS. L/SAILE; fWd A tap: Gnm Anatomy . 2nd cd. 
New York McGraw-Hill, 2006: 105.) 


Lower Limbs 

Like I lie upper limbs, each lower limb is made up of four basic segments: 

Pelvic girdle: Hip 
Thigh: Lemur 

Leg: Tibia (anteromedial), fibula (posterolateral) 

Foot: Tarsus* metatarsus, phalanges 




MNEMONIC 


The FibulA is LAteraL 


KEY FACT 


Because the center of ossification 
at the distal end of the femur 
appears just before birth, medical 
investigators are able to use 
this radiographic finding along 
with others in cases of potential 
infanticide or criminal abortion to 
determine the age and viability of 
the fetus. 


Common Injuries and Disorders 
Fractures of the Skull 

There are several different types of skull fra e lures. 

Linear skull fractures are the most common and usually result from btunl 
trauma. Basilar skull fractures are usually linear and most often involve 
the temporal bone. Signs of basilar skull fractures arc “raccoon eyes 1 ' 
(blood collecting in the orbits), Battle's sign (blood collecting behind the 
ears), blood in the sinuses, and CSF leakage through the nose and cars. 
Comminuted fractures occur when the bone is broken into several pieces, 
some of which can lacerate the brain. 

Depressed fractures occur when the bone is depressed inward, putting 
pressure on and causing damage to, the brain. 

A contrecoup fracture occurs at the side opposite of the impact. 

Fractures and Dislocations of the Vertebrae 

Fractures and/or dislocations arc usually due to hyper flexion of the neck, 
often resulting from car accidents or direct trauma to the back of the head, 
'The most common in jury- is a crush or compression fracture of the vertebral 
body. Because the articular surfaces of cervical vertebrae are inclined horizon¬ 
tally, anterior dislocations can occur in this region of the spine without con¬ 
comitant fractures. On the other hand, in the thoracic and lumbar regions. 










articular surfaces are arranged vertically, so dislocations are usually seen with 
fractures. 

Atlantoaxial Dislocation 

The dens of flic axis (G2) interlocks with the alias (C l ) through a foramen 
and is normally held in place by the cruciform, alar, and apical ligaments, as 
well as the tectorial membrane (a continuation of the posterior longitudinal 
ligament). When trauma or rheumatoid arthritis causes a tear in the cruci¬ 
form ligament, the dens is able to move and may damage the cervical spinal 
cord and medulla, often resulting in quadriplegia. 

Herniation of the Nucleus Pulposus 

Also known as a "herniated disk" or “slipped disk" this occurs when the 
nucleus pulposus actually pushes into or through the anulus Bhrosus pos¬ 
terolateral ly T compressing spinal nerve roots and causing hack pain. This 
commonly occurs at the lumbar level, but may occur in the cerv ical region as 
well 

In the elderly, degeneration and wear at the posterior longitudinal liga¬ 
ment and posterior aspect of the aiuilus Bhrosus in the lumbar region 
may allow the nucleus pulposus to herniate through. Nerve root impinge¬ 
ment at the LA/SI intervertebral foramen level can result in low back pain 
known as lumbago as well as pain radiating down the back of the thigh 
into the leg, called sciatica. 

Similar injuries in the cervical spine are also very common. Hyperflex- 
ion of the neck during head-on collisions may cause rupture of the poste¬ 
rior ligaments and subsequent nucleus pulposus herniation at the C5-C7 
levels, resulting in pain in the neck radiating to the shoulders, and arms, 
I lypcrextension of the neck, or whiplash, may stretch the anterior liga¬ 
ments and cause fractures and dislocations of the vertebrae as well. 

Spondylolysis 

Spondylolysis is a defect or fracture in the pars intcrarticularis, (he.* the part 
of the vertebral arch lamina that connects the inferior and superior articular 
processes.) Though it is frequently asymptomatic, it can cause lower back 
pain at the L5 level While genetics probably play a role, it is thought that 
repealed microtrauma to lliis region may cause slress fractures. II the defects 
arc bilateral, this condition can progress to spondylolisthesis, in which the 
affected vertebra becomes anteriorly displaced (see Figure 5-1 1 ), This is more 
common in men than women. Spondylolysis can be diagnosed with X-ray 
imaging. 

Ankylosing Spondylitis 

This inflammatory condition is a chronic, progressive, seronegative arthritis 
that commonly affects the lumbar vertebrae and sacroiliac joints. The anulus 
Bhrosus of several vertebrae may become ossified leading to the characteristic 
"bamboo spine" seen on plain films. This disease mainly affects young males 
and often presents as low back pain that causes awakening from sleep, as 
well as morning spinal stiffness. Most patients with ankylosing spondylitis are 
HLA-B27-positivC' Extraspina 1 manifestations can include peripheral arthritis 
(especially in the hips and knees), iritis, and pulmonary involvement. 

Sec Table 5-2 for definitions anti common features. 
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Superior articular 
process(ear) 

Pedicle (eye) 

Transverse process 
(head! 

isthmus {hech) 

Spinous process 
and lamina 

JnTertpr articular 
process {foreleg} 

Opposite inferior 
articular process 
(hindleg) 

A B 

figure 5-11 * A comparison of spondylolysis and spondylolisthesis, (A) Posterior 
obiU|iic radiographic view mimics shape of Scot!) dog. In simple spondylolysis, dog appears 
in be wearing a collar. (IV) In spondylolisthesis, ScnUy dog appears decapitated. L5 body and 
disk arc displaced anteriorly. {Modified, with permission, from White JS, USAJLfc.': Road Map: 
Gross Anatomy* 2nd ed, New York: McGraw-1 tilt, 2006: 26.) 

Fractures of the Pelvis 

May occur from anteroposterior compression, lateral compression, and 
acetabular fractures. 

Anteroposterior compression (i.c., compression between the steering wheel 
and scat in automobile accidents) results in Fractures of the pnbie symphy¬ 
sis and pubic rami. 

Lateral compression can also involve the pubic rami as well as the alae of 
the ilium. 

Acetabular fractures can result from falls onto the feet with extended legs, 
causing the bead of the femur to push through (protrusio acetabuli). Pel¬ 
vic organs, vessels, and nerves may also be injured by I be femur. Signs of 
pelvic fracture on exam include pelvic tenderness, palpable instability, and 
vaginal or urethral bleeding. 

Fractures of the Upper Limb 

Fractures can occur at many places along I lie arm, often with concurrent 
damage to important arteries and nerves. Knowledge of the anatomic relation¬ 
ships of the structures of the arm as well as the clinical consequences of nerve 
damage in the arm is useful for the exam. The following fractures are impor¬ 
tant to know. 

Clavicle: Most commonly in the middle one-third of the bone. The SCM 
muscle lifts the proximal piece, and I he weight of the arm pulls down the 
distal piece. 

Greater tuberosity: C)fteu associated with separation of the shoulder. 
Surgical neck of the humerus: May injure the axillary nerve* 




table 5 - 2 . Synopsis of Spondylolysis, Spondylolisthesis, and Ankylosing Spondylitis 


Spondylolysis 

Spondylolisthesis 

Ankylosing Spondylitis 

Defect/fracture in the 

Anterior displacement 

Inflammation of the sacroiliac joint 

pars in terarti cularis 

of a vertebra commonly 

and/or lumbar vertebrae that causes 

that can cause back 

caused by spondylolysis 

back stiffness, pain, and limited range 

pain. 

or degenerative disk 

of motion; moves cephalad and 
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disease. 

eventually affects the cervical spine. 
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Distal half uf the humerus: May injure the radial nerve. 

Humerus, just superior to Hie elbow: May injure the brachial artery and 
median nerve. 

Medial c picon dyle: May injure the ulnar nerve. 

Distal radius (Colics' fracture): Often includes a fracture of the ulna (sty¬ 
loid process). A common finding is “dinner fork" deformity (dorsal dis¬ 
placement of bone fragments distal to the fracture). 

Scaphoid: Very little displacement of the bones; often missed on X-rays 
and misdiagnosed as a sprain. X-rays should be repeated in 10 days to con¬ 
firm a suspected fracture. Whereas a sprain can be treated with rest and 
ice, fractures usually require casting. Improperly treated fractures may 
progress to a nonunion, avascular necrosis, and arthritis. 

Fractures of the Lower Limb 

As in tlic upper limb, fractures may occur throughout the lower limb. 

Femoral neck: This occurs more often in women than in men due io the 
greater risk of osteoporosis. The blood vessels that supply the femoral head 
are frequently ruptured in this fracture, resulting in avascular necrosis. On 
presentation, the lower limb is usually shortened and laterally rotated. 
Tibial fractures: Several types of fractures can occur at the middle of the 
body of the tibia. A compound fracture can involve both the tibia and fib¬ 
ula, and fragments of lhe tibia may tear blood vessels and penetrate the 
skin. Diagonal fractures may occur due to severe torsion of the lower leg. 
Transverse fractures or “boot-top” fractures are comminuted fractures that 
often occur after a forward fall while skiing, in which the leg is bent over 
the tops of the rigid bouts. Stress fractures are transverse and may occur in 
normally sedentary people who decide to lake a long walk or run. 

Pott's fracture: This occurs when the medial (deltoid) ligament is overly 
stretched during severe foot eversion. The strong medial ligament does 
not tear, but causes fractures of I he medial malleolus (transverse avul¬ 
sion) and fibula (oblique at the level of the joint). 

Fracture of the fifth metatarsal: Occurs during extreme inversion of the 
foot. This tears the lateral ligament and can fracture the lateral malleo¬ 
lus. This is a common sports injury. 

Coxa Valga and Coxa Vara 

Tlic angle between lire shaft of the femur and the head of the femur varies 
among people of different ages and genders. When this angle is large, it is 
termed coxa valga and when it is too acute, it is called coxa vara. The latter 
can lead to a shortening of the leg, making it difficult to completely abduct 
the leg, 

Legg-Caiv£-Perthes Disease 

Avascular necrosis of the capital femoral epiphysis of the femoral head that 
causes decreased ROM and upper leg pain, typically in male children aged 
VI2 years. The cause is unknown. It is self-limited because the bone even¬ 
tually revascularizes, but the prognosis mav be complicated by osteoarthritis 
(OA). 

Slipped Epiphysis of the Femoral Head 

If an adolescent has a weakened epiphyseal plate due to acute trauma or main 
microtraumas, the femoral head epiphysis can slowly slip away from llie fem¬ 
oral neck, causing a coxa vara. This condition commonly affects obese ado¬ 
lescents during their growth spurt, and the slipped femoral head will present 
with hip pain referred to the knee. Diagnosis is made with an X-ray. 
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MUSCULOSKELETAL AND CONNECTIVE TISSUE 



JOINTS 


Types of Joints 

Joints ;ue simply defined as those areas where bones meet. There are three 
main types of joints: Synovial, cartilaginous, and fibrous. Each has a differ¬ 
ent form and function. 

Synovial Joints 

These joints are the most common in the body and allow for free movement 
between the two articulating bones. Allowing for this movement is lubricat¬ 
ing fluid known as synovial fluid Found in the joint cavity between the two 
bones. This cavity is enclosed by two structures: articular cartilage at the sur¬ 
face of the bone ends, and a synovial membrane that, in conjunction with an 
outer fibrous capsule, makes up the articular capsule. The periosteum of the 
two meeting bones blends together with the articular capsule. These joints arc 
often strengthened by surrounding ligaments, which are especially important 
when considering common joint injuries. 

There arc six main types of synovial joints (see Table 5-1). 

Cartilaginous Joints 

Two types uf cartilaginous joints exist in the* body throughout development. 
Primary cartilaginous joints arc usually temporary articulations of bone made 
up of hyaline cartilage that are, for example, present during development of 
The hyaline cartilage in primary the long bones and at epiphyseal plates. Secondary cartilaginous joints arc 

cartilaginous joints is made up made up of fibroearhlage. An example of this joint type is the intervertebral 

predominantly of type II cartilage. disks that join (he vertebrae together and allow for limited movement of the 

— spine. 




FLASH BACK 


TABLE S - 3. Types of Synovial Joints 


wittniMMiHii umi I imuttsuMvn 

Type of Synovial 

Joint 

Examples 
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Type of Movement 

Plane joints 

Acromioclavicular joint 

Gliding in one axis. 

Hinge joints 

Elbow joint 

Flex ton/extension. 

Saddle joints 

Carpometacarpal joints 

Fl exi on/exten si on, ab ductio n/add uctkm, 

circumduction. 

Condyloid joints 

M eta cat po p ha 1 a ngea 1 
joints 

Same as saddle joints, with one axis usually 
greater than the other. 

Ball and socket 

joints 

Hip joint 

Fl e xion/extensio n t a bd u ct ion/a d d uctio n, 
circumduction, medial/lateral rotation. 

Pivot joints 

Atlantoaxial joint 

Rotation {pronation/supination as in the 


radios; rotation of the atlas around the dens 
in the atlantoaxial joint). 
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Fibrous Joints 

These .ire joints in which the articulating bones arc connected by ligaments 
nr fibrous membranes. Movement in these joints may be limited or nonexis¬ 
tent depending on the fibrous limitations connecting the hones. Examples 
include the .sutures of the skull, the pubic symphysis, and the joint connect* 
ing the radius and the ulna. 

Major Joints and Common Injuries 
Vertebra 

Atlanto-occipital: Synovial joint between the atlas (Cl > and the occipital 
condyles that allows the head to nod “yes/* 

Atlantoaxial: Synovial joint between the atlas (Cl 1 and the axis (C2) that 
allows the head to shake- “no” from side to side. 

Facet joints: Synovial joints between the inferior and superior articular 
facets of the spine. 



KEY FACT 


Force from the hand to the humerus 
is transferred from the radius to 
the ulna through the interosseous 
ligaments, which are oriented in an 
inferomedial direction to transfer 
these pulling forces. 


Shoulder 

Acromioclavicular joint: A plane type of synovial joint between the lateral 
end of the clavicle and acromion of the scapula. Despite the strong liga¬ 
ments keeping il in place, this joint may become separated follow ing a fall 
onto the shoulder or outstretched arm. 

Glenohumeral: Ball-and-socket type of synovial joint between the humeral 
head and glenoid fossa. Because this fossa is shallow, the humeral head 
may he dislocated anteriorly or posteriorly. Anterior dislocation may result 
in damage to the axillary nerve. 


Elbow 

This hinge-type synovial joint is actually made up of three different joints: 

I himcroulnar: Reinforced by the medial collateral ligament. 
Humeroradial: Reinforced by the lateral collateral ligament 
Radioulnar: Reinforced bv the annular ligament. A pulled elbow, or 
nursemaids elbow, may occur when a child is lifted forcibly by fhe arms 
while the forearm is prnnated. This tears the annular ligament and causes 
siiblitxation of the radial head. Pain results from pinching of the annular 
ligament in the elbow joint, and proriation/supination becomes very lim¬ 
ited, 'The elbow is reduced by supinating the forearm while the elbow is 
flexed. 

Wrist 

Radiocarpal joint: A condyloid type of synovial joint between the radius 
ami carpal bones. The most common type of fracture at this site is from a 
FOOSH (Fall On Outstretched Hand), which leads to a Colics' fracture 
(“dinner fork” deformity). 


Hip 

dliis joint is a ball-and-socket joint between the femoral head and acetabu¬ 
lum. Fractures involving this area have been discussed previously. 



KEY FACT 

1 _ 


The Colles r fracture involves the 
distal radius and frequently the 
styloid process of the ulna as well. 
Bone fragments are displaced 
dorsalfy distal to the fracture, causing 
what 15 known as the dinner fork 
deformity. 


Knee 

The knee joint, a hinge-type synovial joint between the tibia, femur, and 
patella, is a favorite of die Step 1 exam. It is important to understand the rela¬ 
tionships between the ligaments and menisci around this joint. 
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Medially: The fibrocartihagenous medial meniscus is firmly attached to 
the medial (tibial) collateral ligament. Trauma to the lateral side of the 
knee will often result in injury to both of these structures. 

Laterally: The lateral meniscus is fibrocartilage that is not firmly attached 
to the lateral (fibular) collateral ligament Trauma to the medial side of 
the knee may result in injury to the lateral ligament. Tears of the lateral 
meniscus are less common since it has fewer points of attachment. 
Anteriorly: The anterior cruciate ligament starts at the anterior tibia and 
extends posterolateralIv to the lateral condyle of the femur. This ligament 
prevents anterior movement of the tibia when the knee is flexed. A tear of 
this ligament can he demonstrated with a positive anterior drawer sign, in 
which the doctor flexes the knee and pulls on the tibia, causing abnormal 
anterior displacement. 

Posteriorly: The posterior cruciate ligament starts at the posterior tibia 
and extends anteromcdially to the medial condyle of the femur. This liga¬ 
ment prevents posterior movement of the tibia when the knee is flexed. A 
tear of this ligament can be demonstrated with a positive posterior drawer 
sign, in which the doctor flexes the knee and pushes on the tibia, causing 
abnormal posterior displacement. 

A common soccer injury, called the ‘‘unhappy triad, >F occurs when an athlete 
is hit from the lateral side and twists the flexed knee. The tibial ligament tears 
first, followed closely by the medial meniscus, and finally the anterior cruci¬ 
ate ligament. In this ease, one would see abnormal passive abduction and a 
positive anterior drawer sign. 

Ankle 

Talocrural joint. This is a hinge-type synovial joint between the ends of 
the Hhia/fihula and the talus, inversion (Foot mils in) results in sprain 
(tearing) of I he lateral ligament. Kxtreme eversion (foot rolls out} places 
stress on the medial ligament, and may result in a Pott's fracture of I lie 
fibula and medial malleolus as discussed previously. 


MUSCULAR SYSTEM 


Types of Muscle 

T here are three basic types of muscle fibers that allow ihe human body to 
move, as well as providing form and heat: skeletal, smooth, and cardiac. 

Skeletal 

Most skeletal muscles produce movements of the skeleton, as the name 
implies, and arc attached to bone or cartilage cither direct!) or via tendons. 
There are many exceptions lo this, however, such as eye muscles, superficial 
facial muscles, and the diaphragm. Also called "striated" muscle because of 
its parallel striations, skeletal muscle fibers are large, unbranched, and ma\ 
contain several nuclei. Nerve impulses in the somatic nervous system inner¬ 
vate muscle fibers to cause contraction. Phis is often under voluntary control, 
though some skeletal muscles, such as the diaphragm, are under involuntary 
control. 

T hough new muscle cells can be formed to a limited degree, the primary 
growth response (he., to exercise) is through hypertrophy (increase in shce, not 
number). 









Smooth 

Smooth muscle, on the other hand, lacks the striations of skeletal and cardiac 
muscles and is found mainly within the walls of visceral organs and the tunica 
media of blood vessels. Smooth muscle cells are small and spindle-shaped 
and have one central nucleus per cell Unlike skeletal muscle, their contrac¬ 
tions are slow and rhythmic* helping to move food (peristalsis) and regulate 
the flow of blood (vasoconstriction}, in addition to other functions (splimc- 
tcric activity), lake cardiac muscle, the autonomic nervous system inner¬ 
vates smooth muscle and contraction is involuntary. Smooth muscle cells can 
undergo hypertrophy and hyperplasia. 

Cardiac 

Cardiac muscle, as the name implies, composes the muscle of the heart (ix\* 
myocardium). The cells are striated and contain a single (sometimes two) 
central nuclei. They are often branched and are connected to other cardiac 
cells by intercalated disks. Actions of these cells are involuntary hut are also 
under the control of specialized intrinsic pacemaker cells (in the SA and AV 
nodes) that are influenced by the autonomic nervous system. Unlike skeletal 
or smooth muscles, cardiac muscle cannot regenerate, though hypertrophy 
can result from increased demand on the heart (he., HTN). 

Important Muscles 
Head and Neck Muscles 

Mastication muscles. There are four main muscles that move the mandible for 
chewing, all of which arc innervated by various branches of CN V. (the man¬ 
dibular branch of the trigeminal nerve): 

Temporalis! Elevates and retracts the mandible (closes the jaw). 

Massetcr: Elevates and protrudes the mandible (closes the jaw). 

Medial pterygoid: Elevates and helps (slightly) to protrude the mandible 
(closing and grinding the jaw). 

Lateral pterygoid: Depresses (slightly) and protrudes the mandible as well 
as moves it from side to side (opening and grinding the jaw). 

The main force that opens the jaw is gravity, though the lateral pterygoid as 
well as suprahyoid and infrahyoid muscles assist. 

Muscles with "clossus" and "palat” As a general rule, all of the muscles that 
end in “glossus" are innervated by CN XI1 (hypoglossal nerve), and all of the 
muscles tfiat have "palat” in them are innervated by CN X (vagus nerve). The 
following muscles follow these rules: 

Genioglossus: CN XII; depresses and protrudes the tongue. 

Hypoglo&sus: CN XII; depresses and retracts the tongue. 

Styloglossus: CN XII; retracts and elevates the tongue for swallowing. 
Levator vcli palatini: CN X; elevates the soft palate for swallowing/ 
yawning. 

Palatopharyngeus: CN X: tenses the soft palate and moves the pharynx for 
swallowing. 

There is one exception to each rule: The palatoglossus muscle, which ele¬ 
vates the posterior tongue and brings the soft palate to the tongue, follows the 
“palaf rule (“palat" is first in palatoglossus) and is innervated bv the vagus 
nerve. The tensor veli palatini, which tenses the soft palate and opens the 
auditor)' tube during swallowing/yawning, does not follow the M palaf rule, but 



KEY FACT 


Smooth muscle is found mainly in 
the digestive tract and blood vessels, 
but it is also found at the base of 
hair follicles (erector pili muscles) 
and in the iris and ciliary body of the 
eye. 


MNEMONIC 


Three muscles CLOSE the jaw (the 
Ms Munch): Masseter, Medial 
pterygoid, and tcMporalis. 

One muscle OPENS the jaw (the L 
Lowers): Lateral pterygoid 
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MNEMONIC 


All muscles that end with GLOS5U5 
{except the palatoglossus-"pafat” 
is first!) are innervated by the 
hypoGLOSSAL nerve. 

All musdes with PALAT are innervated 
by the VAGUS (except the tensor 
veli palatini, which is too TENSE to 
be with the rest). 



FLASH BACK 


Hie second through fourth branchial 
clefts usually merge and involute; 
when the second branchial deft 
persists, a fistula can be formed 
between the pharynx and skin. This 
fistula is usually located along the 
anterior border of the upper third of 
the SCM. 


instead is innervated by a branch of CN (mandibular branch of the trigem¬ 
inal nerve}. 

Sternocleidomastoid, The SCM muscle attaches superiorly to the mastoid and 
divides inferiorly into two heads that form attachments to the sternum and 
clavicle. Contraction of one SCM tilts tire head to the ipsilateral side while 
flexing and rotating the head to the contralateral side. The SCM is important 
for both anatomic and clinical reasons: 

It divides the neck anatomically into anterior and posterior triangles. 

It is an important landmark for branchial anomalies that may occur during 
embryologic development (see flashback). 

Congenital torticollis occurs when the SCM is congenitally shortened nr 
injured at birth, causing a fixed tilted, rotated, and flexed position. 
Spasmodic torticollis {a.k.a. “cervical dystonia” or “wry neck") occurs with 
abnormally increased tone in the SCM. it is often associated with spasms 
of intense neck pain. 

Larynx, The muscles of Hie larynx are divided first into exlrinsic and Intrinsic 
groups. The extrinsic muscles function to move the hyoid bone and larynx 
superiorly or inferiorly, while the intrinsic muscles make fine adjustments 
to the vocal folds and rima glottidis lo aid in speaking, whispering, and 
respiration. 

The extrinsic laryngeal muscles are further divided into suprahyoid and 
infrahyoid muscles (see Table 5-4), The suprahyoid muscles and stylopharvn- 
geus elevate the hyoid and larynx, while the infrahyoid muscles depress these 
structures-. 

The intrinsic laryngeal muscles work together to alter the shape and tension 
of the vocal folds in order to change the size and shape of the space between 
the folds, called the rima gloltidis. Dividing them into functional groups is 
helpful; 

Adductors (close the rima glottidis for phonation): 

Lateral cricoarytenoid muscles: Main adductors. 

Transverse and oblique arytenoid muscles: Adductors and sphincters lo 
protect during swallowing. 

Aryepiglottic muscles: Sphincters. 

Abductor (open the rima glottidis for breathing): 

Posterior cricoarytenoid muscles: The only abductors of the intrinsic 
muscles of the larynx (without these muscles, we would be unable to 
breathe!). 


TABLE 5*4, Extrinsic Muscles of the Larynx 
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Suprahyoid Muscles 

Infrahyoid Muscles 

Mylohyoid 

Sternohyoid 

Geniohyoid 

Omohyoid 

Stylohyoid 

Sternothyroid 

Digastric 

Thyrohyoid 
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« Tensors (raise Lhc pilch of the voice): 
ii Cricothyroid muscles. 

« Kciaxcrs (decrease fhc pitch of the voice, and used for singing): 

» Thyroarytenoid muscles. 
a Vocalis muscles (for fine adjustments). 

Almost all motor innervation of the inner laryngeal muscles conies from 
below via the recurrent laryngeal nerve (a branch of the inferior laryngeal 
nerve). Damage to the recurrent laryngeal nerve therefore causes hoarseness 
(if unilateral), and possible breathing difficulties and aphonia {if bilateral). 
Damage may occur following surgery; including thyroidectomy or compres¬ 
sion from laryngeal cancer. 

All season innervation comes from above via the internal laryngeal nerve 
{a branch of the superior laryngeal nerve). Damage to the superior laryngeal 
nerve therefore causes anesthesia of the lary ngeal mucosa. This is dangerous 
as foreign bodies arc more likely to pass, but this nerve is often temporarily 
blocked in order to pass an endotracheal tube. Laryngeal elevation is the pri¬ 
mary mechanism for preventing aspiration during swallowing. 


Upper Limb Muscles 

Rotator cuff muscles. There arc four muscles collectively known as the rota¬ 
tor cuff muscles that help to stabilize the humeral head in lhc glenohumeral 
joint while the shoulder moves, 

Siipraspiuahis: Innervated by the suprascapular nerve; also helps the del¬ 
toid muscle h) abduct the ami for the first 15°. 
u Infraspinatus: Innervated by the suprascapular nerve; laterally rotates the 
arm. 

Teres minor: innervated by the axillary nerve; laterally rotates the arm. 

» Subscapularis: Innervated by subscapular nerves; medially rotates the 

arm. 

Arm/forearm muscles. The muscles of the arm and forearm arc divided into 
anterior and posterior compartments. Knowing the innervation and actions of 
these muscles is extremely important —this knowledge enables clinicians to 
predict how patients will present following different types of trauma. 

The anterior compartment of the arm contains three flexor muscles, all 
innervated by the musculocutaneous nerve: 

ii Biceps brachii: Flexes and stipulates the forearm. 

Brachial is: Flexes the forearm. 

Coracobrachial is: Flexes and adducts the arm. 

The posterior compartment of the arm contains only one extensor muscle, 
innervated by the radial nerve: 

•-i Triceps brachii: Extends the forearm. 

The anterior compartment of the forearm contains pronators of the fore¬ 
arm and flexors of lhc forearm, hand, and fingers. All are innervated by the 
median nerve, except the flexor carpi ulnaris and the medial part of the flexor 
digitorum profundus, which are innervated by the ulnar nerve. 

The posterior compartment of the forearm contains extensors and supina¬ 
tors (with the exception of the bractlioradialis, which flexes the forearm). All 
a re inn c mi I ed 1 >y t h e radial t icrve, 



KEY FACT 


The cricothyroid muscle is the one 
exception to this rule Both its motor 
and sensory innervation comes from 
above via branches of the superior 
laryngeal nerve: the external branch 
for motor and the internal branch for 
sensory. 
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Rotator cuff muscles: SitS 

Supraspinatus, infraspinatus, teres 
minor, Subscapularis (small T for 
teres minor; also the only rotator 
cuff muscle not innervated by a 
scapular nerve). 



FLASH BACK 


It may be helpful to review the 
brachial plexus (in the neurology 
chapter) at this time. 
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KEY FACT 


The adductor pollicis has different 
innervation than the rest of the 
thenar muscles (the ulnar nerve 
instead of the recurrent median 
nerve). 



MNEMONIC 


THenar muscles For the THumb. 




MNEMONIC 


For the actual order of the muscles, 
remember A OF A OF A: 

Thenar, lateral to medial: 

Abductor pollicis brevis 
Opponens polticis 
Flexor pollicis brevis 
Adductor pollicis 

Hypothenar, lateral to medial: 
Opponens digiti minimi 
Flexor digiti minimi 
Abductor digiti minimi 



KEY FACT 


The adductor pollicis is the only 
thenar muscle innen/ated by the 
ulnar nerve. 


Thenar/hypotnenar. Thenar muscles control actions of the thumb and are 
innervated by the median nerve (except the adductor pollicis, which is inner¬ 
vated by the ulnar nerve): 

Abductor pollicis brevis: Abduction 
Opponens pollicis: Opposition 
Flexor pollicis brevis: Flexion 
Adductor pollicis 

1 [ypothenar muscles control actions of the fifth digit and are innervated by the 
ulnar nerve: 

Opponens digiti minimi: Opposition 
Flexor digiti minimi: Flexion 
Abductor digiti minimi: Abduction 

Nerve damage affecting the muscles of the upper umb 

Fracture of the surgical neck of the humerus or shoulder dislocation 
damages the axillary nerve resulting in weakness or loss of function of the 
deltoid and teres minor. Thus, the patient is unable to abduct and laterally 
rotate the arm. 

A midhMineral fracture damages the radial nerve in the radial groove. 
This will affect the extensors in the forearm bul not the triceps, as the frac¬ 
ture is usually distal to tins innervation. The tell-tale sign of this fracture is 

a wrist drop. 

Damage to the musculocutaneous nerve is usually via a weapon, not 
trauma, and will affect the flexors of the ann. The patient will not be able 
to flex 11ic elbow, and supination of the forearm will be weak. 

In supracondylar fractures of the humerus (near the elbow), the median 
nerve may he injured causing weak wrist flexion and I he inability to flex 
digits 1, 2, and 5, and pmnatc the forearm. Digits 4 and 5 are spared 
because they are supplied by the medial part of the flexor digitorum pro¬ 
fundus, which is innervated by the ulnar nerve. Thus, when trying to 
make a fist, the patient can only Rex digits 4 and 5, making the “hand of 
benediction.” 

Carpal tunnel syndrome results from entrapment of lire median nerve in 
lire carpal tunnel at the wrist. Risk factors include repetitive wrist flexion, 
female gender, obesity, and any condition leading to increased edema (e.g., 
hypothyroidism or pregnancy). Symptoms include reduced sensation in the 
lateral three and a half digits, weakness of thumb flexion and abduction, 
and loss of thumb opposition. Sensation is intact on the medial one and a 
half fingers because the superficial branch of the median nerve is spared. 
Fracture of the medial epicondyle of the humerus (“funny bone'*} can 
damage the ulnar nerve, leading to impaired adduction of the fingers and 
thumb, as well as impaired flexion of the fourth and fifth digits, leading to 
a claw-hand deformity. Also, upon flexing the wrist, the hand moves toward 
ihe radial (lateral) side due to unopposed action of the flexor carpi radial is. 

Lower Limb Muscles 

Gluteal muscles. This region of the body contains two main groups of 
muscles. 

Hie glutei mainly extend and abduct the thigh and arc innervated by the glu¬ 
teal nerves: 

Glutens maximum: Inferior gluteal nerve; extends thigh. 

Gluteus uiedius and minimus: Superior gluteal nerve; abducts and 
medially rotates the thigh. 
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The smaller muscles of the gluteal region arc covered by the gluteus maximus 
and help to laterally rotate fhe thigh: 

Piriformis: Ventral rami of SI and S2. 

Obturator interniis: Nerve to obturator interims (L5, SI). 

Gomel li superior and inferior: L5 and SI. 

Quadratic femoris: Nerve toquadralus femoris {15, SI ). 

Thich/lbc muscles. Like the ann/forearm muscles, the thigh and leg muscles 
are organized into compartments, The thigh muscles arc organized into three 
compartments: Anterior, medial, and posterior; the leg muscles are organized 
into anterior, lateral, and posterior compartments. 

The anterior compartment of the thigh contains flexors of the hip and 
extensors of the knee. Most of them are innervated by Ihe femoral nerve, 
though there are exceptions noted below, 

Fcctineus: Flexes, adducts, and helps to medially rotate the thigh. 
Iliopsoas: Innervated by ventral rami of lumbar nerves (psoas) along with 
die femoral nerve (ilincus); flexes the hip. 

Tensor of fascia lata: Innervated by the superior gluteal nerve; flexes, 
abducts, and medially rotates the thigh, and keeps the knee extended, 
Sartorius: Flexes, abducts, and laterally rotates the thigh, and flexes lhe 
knee. 

Quadriceps femoris: Extends the knee and helps to flex the thigh. 

The medial compartment of the thigh contains the adductors of the thigh 
and is innervated by the obturator nerve: 

Adductor longm: Adducts the thigh. 

Adductor brevis: Adducts and helps to flex the thigh. 

Adductor magnus: Adducts the thigh; various parts help to either flex or 
extend the thigh. 

Gracilis: Adducts the thigh; flexes and medially rotates the leg. 

Obturator extemus: Laterally rotates the thigh. 

The posterior compartment of the thigh contains ihe hamstrings, which are 
extensors of the thigh and flexors of the leg and are innervated by the sciatic 
nerve. 

The anterior compartment of the leg contains dorsiflexors of the ankle and 
extensors of the toes. All are innervated by the peroneal nerve or deep fibu- 
lar nerve. 

Tibialis anterior. 

Extensor digitorum longus. 

Extensor hallucis longus. 

Penmens tertius: Also helps to evert the font. 

The lateral compartment of the leg contains the adductors of the thigh and 
is innervated by the obturator nerve: 

Adductor longus: Adducts the thigh. 

Adductor brevis: Adducts and helps to flex the thigh. 

Adductor magnus: Adducts the thigh; various parts help to either flex or 
extend the thigh. 

Gracilis: Adducts the thigh; flexes and medially rotates the leg. 

Obturator externus: Laterally rotates the thigh. 



KEY FACT 


In \?M of people, the sciatic nerve 
splits and one branch pierces the 
piriformis. Compression leads to 
"piriformis syndrome/' which is 
common in mountain climbers that 
develop hypertrophic piriformis 
muscles. 



KEY FACT 


The sciatic nerve innervates the 
entire leg except the inner medial 
calf. As such, sciatica and piriformis 
syndrome spares the part of the leg 
innervated by the saphenous nerve, 
the termination of the femoral nerve 

^23,4)' 
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The posterior compartment of the leg contains the plantar flexors of the 
ankle and flexors of the toes (exceptions noted below) and are innervated by 
the tibia! nerve: 

5 * Gastrocnemius* 

» Sulcus, 
n Planhiris. 

Pop]itens: Flexes the knee* 

Tt Flexor hallucis longus. 

Flexor digitorum longus* 

Tibialis posterior: Also helps to invert the Foot. 

Nerve damage affecting the muscles of the lower limb . Piriformis syndrome: 
The sciatic nerve enters the greater sciatic foramen very closely related to the 
piriformis muscle (usually the nerve is inferior to the muscle, though it can 
occasionally pierce the muscle or run superiorly)* Some people who use the 
muscles in the gluteal region extensively (c.g., skaters, mountain climbers, 
and cyclists) can overdevelop their piriformis muscle resulting in pinched- 
nerve, sciatica-like symptoms* Women are more susceptible* 

The Trendelenburg's sign occurs following damage to the superior gluteal 
nerve {affecting the gluteus inedius and minimus)* do test for this, observe the 
patients back while the patient raises cadi foot off I he ground* If the right 
pelvis falls when the right foot is lifted, the left superior gluteal nerve is dam¬ 
aged; if the left pelvis falls when the left foot is lifted, the right superior gluteal 
nerve is damaged. Ibis sign can also occur in patients with a hip dislocation 
or fracture of the neck of the femur. 


Trauma in the femoral triangle region may damage the femoral nerve, caus¬ 
ing weakened ability to flex the thigh (weak iliacus and sartorius), as well as 
loss of extension of the thigh (quadriceps femoris muscle)* 

Injury to the tibia! nerve is uncommon in the popliteal region because it runs 
deep (though deep knife wounds can injure it)* Symptoms include loss of flex¬ 
ion of the leg, loss of plan tar flexion of the ankle, and loss of flexion of the toes 
anti inversion of the foot. There may also he loss of sensation on the sole of 
flic foot. 


r*] 
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13 10 EGGs AT 12: 

ive at T8. 

TlO: EsophaGusand vaGus. 
Aorta/Azygos and Thoracic duct at 
Tl2* 
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C3, 4, 5 keeps the diaphragm alive! 


The common filmlnr (peroneal) nerve is the most commonly injured nerve 
in the lower leg because of its superficial course around the fibular neck T a 
common fracture site. Damage results in toss of function of all muscles in 
ihc anterior and lateral compartments, resulting in inability to dorsiflex the 
foot, evert flic foot, and extend the toes. This is known as a footdrop and the 
patient will develop a high-stepping gait to compensate* 

Diaphragm 

The diaphragm separates the thoracic and abdominal cavities and is the most 
important muscle lor inspiration. Important structures pass through the dia¬ 
phragm at various levels* 

ti T8: The IVC passes through. 

TlO: Esophagus and vagus nerve* 

T) 2; The aorta, thoracic duct, and azygos vein* 

Cervical nerves C3, C4, and C5 make up the somatic phrenic nerve* Irrita¬ 
tion of the diaphragmatic pleura or peritoneum causes pain that is referred to 
the shoulder. 
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The musculoskeletal system and connective tissues of the body contain three 
specialized types of muscle cells: 

Skeletal: Comprising voluntary; striated muscles. 

Smooth: Comprising involuntary muscles, primarily of visceral organs, 
and vasculature. 

Cardiac: Comprising the contractile tissues of the heart, 

Kacli muscle cell type performs the specific function of contraction. Using 
proteins located in the cytoplasm, these cells, under neural control, increase 
or decrease their length in a coordinated fashion. 

Skeletal Muscle 
Overview 

Each skeletal muscle fiber receives neural input from a motor neuron via 
the neuromuscular junction. A single motor neuron and the muscle fiber 
il innervates are known as a motor unit Large motor units in large muscle 
groups execute coarse movements (e.g., the quadriceps muscles) and small 
motor units control fine movements (e.g., extraocular muscles). 

In the synaptic cleft, the action potential (AP) that has propagated along the 
neuron is transferred to the myocyte, or muscle cell. This transfer occurs via 
the neurotransmiltcr acetylcholine (ACli) released from the axonal bouton 
(see Figure 5-12). The myocytes poslsynuptic membrane, known as the motor 
end plate, contains specialized nicotinic ACh receptors. These receptors 
are tnnismembranc cation channels (Na + and K + ) that open when bound to 
ACh. Activation of these ligand-gated channels results in increased local cat¬ 
ion flux, leading to membrane depolarization that is propagated to the nearby 
transverse tubule (T4ubtilc) system (see Figure 5-13), Excess ACh is hydro¬ 
lyzed by the enzyme acetylcholinesterase, which resides on the postsynaptic 
or post junctional membrane, into acetate and choline. Choline is reabsorbed 
bv the presvmiptic neuron, via Nn 4 -coupled transport, for production of more 
ACh. 

ExeUATION-CONTRACTlON COUPLING 

Myofibrils arc the functional components of contraction. The T-tubules, 
a system of plasma membrane imaginations (sec Figure 5-15), allow the AP 
to propagate deep into I be cytoplasm, facilitating Car" release from the sar¬ 
coplasmic reticulum. This increase in intracellular calcium triggers excita¬ 
tion-contraction coupling among intracellular contractile proteins. These 
longitudinally-arranged contractile proteins comprise a complex known as the 
sarcomere. Repeating units of sarcomeres comprise myofibrils within a single 
multinuclcale myocyte (see Figure 5-14). 

Each myofibril contains mterdigilating thick and thin myofilaments, 

[ hick filaments contain a large-inolccutar-wcight protein, myosin, which 
itself is made of heavy and light chains. The light chains contain actin- 
binding sites and an ATP cleavage site. 



FLASH BACK 


Cardiac muscle physiology is 
covered in the cardiovascular 
chapter. 



FLASH BACK 


Acetylcholinesterase is a common 
target for pharmacologic paralysis in 
neuromuscular blockade. 



KEY FACT 


Skeletal muscle is a structurally 
complex organ, containing several 
levels of organization. They are listed 
below, from smallest to largest: 

• Myofilament 

■ Sarcomere 

■ Myofibril 

■ Musde cells 

* Muscle fiber 

« Muscle fasciculus 
» Whole musde 
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FIGURE s * I 2 . Structure of the motor end plate. The structure of the motor end plate is 
shown above on the It'll, while the sequence of events from liberation of ACli by the nerve AP 
to contract ion. of the muscle fiber are indicated by the right column, The insets are enlarge* 
meuU of the indicated structures; The highest magnificat inn depicts the receptor in the bilayer 
of tlie post synaptic membrane. (Modified, with permission, from Rrmiton LL Parker KL, Bux¬ 
ton I, Bhimcnthal DK, Goodman & Gilmans the Pharmacological Bads of Therapeutics* Utli 
eel. New York; McGraw-Hill 2006: 225.) 


Thin filaments have three components: 

Act in: Bound by myosin, it contributes to cross-bridge formation that 
allows for movement of myosin filaments and change in myofibril 
length 

Tropomyosin: At rest, this protein occupies potential myosin-binding 
sites on the actin protein, preventing contraction. 

Troponin: Ca 2 "^ released from the sarcoplasmic reticulum binds tro¬ 
ponin, inducing a conformational change that consequently moves tro¬ 
pomyosin, freeing actin's myosin-binding sites for contraction. 


CLINICAL 

CORRELATION 


A lack of ATP can keep the muscle 
in "twitch," leading to cramps and 
rigor mortis. 


Once tropomyosin uncovers actin s myosin-binding sites, actin binds myosin 
light chains, creating cross-bridges. The myosin light chains pivot, causing 
the myosin heavy chain to slide along the actin filament. This event is known 
as a twitch and develops the tension that exerts force (proportional to the 
number of cross-bridges) during muscle contraction. Returning the pivoted or 
flexed myosin light chains to their original sta le requires the cleavage of ATP 
to ADP + P-. Once regenerated, the myosin light chain hinds a new mol¬ 
ecule of ATT for future cross-bridge coupling (see Figure 5*14). 


This process continues as long as the cytoplasmic C<r + concentration remains 
high. The Ca 2+ -ATPase functions to ensure Cu 2+ reuptalcc into the sarcoplas- 
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figure 5 - 1 3 . Schematic of transverse tubule system. Diagram of the retalinu ships 
among ifie sarcolemma (plasma membrane). a T tubule, and hvo cisfemae ol ihc sarcoplasmic 
relic nlum of skeletal muscle (nol to stale). ThcT tubule extends inward from the sarcoltumiKi, 
\ wave of depolarization, initiated bv ACb binding, is transmitted from the sarcolenuna down 
the T tubule. It is then conveyed to the Ca** release channel (ryanodine receptor), perhaps by 
interaction between it and die dihydropyndine receptor, which are shown in close proximity. 
Release of C;r~ from the Ca- '-release channel into the cytosol initiates contraction. Subse¬ 
quently. Ca 2+ is pumped back into the cblerme of the sarcoplasmic reticulum by the C;r + 

AT Pas e (tkr~ pump) anti stored there, in pari bound to calscquestrin. (Modified, with pennis* 
sion, from Murray RK, Grainier I3K, Rodwcll VW, Harpers Biochemistry, 27th ed. New York: 
McGraw-Hill, 2006:572.) 


ink reticulum, thus reducing flic cytoplasmic Ctr 4 concentration. When the 
calcium concentration has returned to low levels, troponin returns lo its origi¬ 
nal slate and tropomyosin again blocks l lie myosin-binding sites on act in. If a 
muscle fiber is stimulated repeatedly without allowing sufficient time forC;r + 
to rcaccunuilate in the sarcoplasmic reticulum, the sustained high cytoplas¬ 
mic Ca- + concentration leads to sustained muscle contraction, or tetanus. 

The sarcomere is the most basic contractile unit. Under light microscopy, it 
appears as a series of bands and lines (see f igures 5-15 and 5-16 and [able 
5-5} f spanning the space between Z lines. 

Within a given muscle, Ihc maximum force or tension that can be produced 
is dependent upon the length of Ihc muscle. The tension a muscle is able lo 
produce is proportional to both the number of cross-bridges formed and the 
number that could be formed. At the extremes of myofibril length (very' long 
and very short) either the number of existing cross-bridges or the number of 
available new cross-bridges is limited, 11ms reducing the tension the muscle 
fiber can produce. 

Smooth Muscle 
Overview 

Smooth muscle differs from skeletal muscle in at least three important ways. 
Firstly, die myofilaments arc not organized into sarcomeres, and tints do not 
appear striated. Secondly, innervation is primarily via the autonomic nervous 
system, not the somatic nervous system. And thirdly, the excitation-contrac¬ 
tion cascade within smooth muscle differs from that of skeletal muscle. These 
differences allow smooth muscle lo perform its fund ions more efficiently than 
skeletal muscle could. 



FLASH BACK 


Clostridium tetani induces tetanus 
via an exotoxin that maintains high 
intracellular Ca 2 T 
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Contraction results in HIZ shrinkage: 
H, l and Z bands shorten during 
muscle contraction, while the A 
band's length remains constant. 



KEY FACT 

k_ 


Smooth muscle locations; 

Vasculature (larger than capillaries) 
Airways (larger than terminal 
bronchioles) 

Gl trad 

Urinary bladder and ureters 
Uterus 

Muscles within the eye 
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-ATP binds to myosin cleft 
No contirmaiionaf change yet 


Actin filament 



-ATP cleavage to ADP 
“Cocks” myosin head 
Cleavage provides energy 
(now stored in confirmations I 
change) tor muscle contraction. 





a(p)(p 


-Myosin binding to actin 
filament leads to the "power 
stroke”—a confirmational change 
that returns the myosin head 
to its original position, 
while releasing as heal, 
the stored energy from ATP 
hydrolysis, and causing the 
contraction of muscfe. 


-ADP is released. 

-Myosin is recycled, 
ready for the next binding site. 


FIGURE 5 * 14 , Myofibrils and excitation-contraction coupling. 


Excitation-Contraction Coupling 

Smooth muscle lacks troponin. Instead, the protein calmodulin ads ns ihe 
cross-bridging gatekeeper (see Figure 5-17), Similar to skeletal muscle, the 
cascade begins with an AP. This leads to opening of voltage-gated Ca-* chan¬ 
nels and an increase in the intracellular Ca- + concentration. Calmodulin 
then hinds C ir + and activates myosin tight chain kinase (MLCK), winch 
in turn phosphorvlates myosin. Activated myosin is able to bind and release 
actin, repeatedly forming and breaking cross-bridges. Like skeletal muscle, 
each cycle consumes one molecule of ATP. 


H 2 A 1 
band line band band 



Z - Sarcomere - 2 


figure s-is. Myofibril, 
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H band 


A. Extended r 1 

t band A band Z line 



2300 nm 



B. Contracted 


Thin 

filament 


Thick — 
filament 


1500 nm 


6-nm diameter 


16-nm diameter 


figure 5 * 16 , Arrangement of thick and thin filaments in the sarcomere. (Modified, with permission, from Murray KK f Granncr 
HK, Rodwell VW. Harper's Bioehenmtn\ 27l!i v<\. New York: McGraw-iHlI, 200ftt >67,) 


However, when theCa- + concentration decreases (again due to a Ca“ + -ATPa$e), 
and myosin is dcphosphorylated via myosin light cliain phosphatase, the 
dephospliorylutcd form of myosin can still interact with actin via latch- 
bridges. These arc residual attachments that allow for the maintenance of 
tonic tension with in smooth muscle without consuming energy. In this way. 


TABLE 5 - 

s, Bands of the Sarcomere Visible With Polarized Light Microscopy 

A band 

Dark bands at the center of the sarcomere, composed of myosin filaments; this 
region has the potential for cross-bridge formation, so thin and thick filaments 
may overlap here. 

I band 

Lightly staining and adjacent to A bands, composed of actin filaments and Z lines; 
their width decreases with contraction. 

Z tine 

Darkly staining, at the center of 1 bands, marking the boundaries of a single 

sarcomere. 

H zone 

At the center of the A band, cross-bridging does not occur here. 

M line 

Darkly staining, at the center of the H zone, proteins here link adjacent myosin 
filaments together. 

... 
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Action potential triggered 
in sarcotemma 
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FIGURE 5 - 17 * Diagram of smooth muscle contraction. 


(unlike skeletal muscle) smooth muscle can maintain tunic contraction with¬ 
out continually cleaving ATR When combined with gap junctions, Ihese 
capabilities allow smooth muscle lo produce the coordinated Ionic con¬ 
tractions necessary lor aiding digestion, maintaining HR voiding urine, and 
accomplishing labor and delivery. 


METABOLISM 


Cross-bridging of skeletal muscles requires a constant supply of ATP. At rest, 
muscles may be responsible for 30% of the body’s 0 7 consumption, while dur¬ 
ing exercise Ibis number tops off at around 90%. The major energy source 
that fuels muscle contraction is carbohydrate metabolism. Secondary sources 
of energy include fatty acid and amino acid metabolism* 




FLASH BACK 


The structure of glycogen and the 
regulation of hepatic glycogen 
metabolism were introduced in the 
biochemistry section. 


Glucose 

In the well-fed state, glucose is readily available to supply the energy needs of 
muscle. Therefore, simple glycolysis, coupled with the Krebs' cycle, can meet 
the needs of muscles* Following a carbohydrate-rich meal, an increase in the 
intracellular transport of glucose occurs via insulin signaling* Each glucose 
molecule is immediately phosphorylated (to glucoseTvphosphate) upon enter¬ 
ing the cell and then shuttled into glycolysis. 

Glycogen 

As the major storage form of glucose, glycogen is essential to anaerobic gly¬ 
colysis in active muscle* The main storage sites of glycogen are the liver and 
skeletal muscles* Hepatic glycogen sustains the blood glucose level while 
muscle glycogen provides a readily available source of glucose during muscle 
contraction. 
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Regulation of glycogen metabolism occurs on two levels: 

Allosteric enzymatic regulation. 

Hormonal regulation by insulin. 

Allosteric Regulation 

Glycogen synthase, the enzyme responsible for intramuscular glycogen produc¬ 
tion, is allostcrically favored by increased levels of the substrates of glycogen 
synthesis, such as glucose-1-phosphate. Simultaneously, glycogen phosphor)- 
lase, responsible for glycogen catabolism, is inhibited by glueose-6-phosphate 
and ATP, products of glycolysis and successful glycogen degradation* 

In contrast, glycogen degradation occurs in the presence of molecules and 
messengers of muscle activity. Specifically, increased intracellular Ca~ + and 
AMP (a product of ATP hydrolysis) lead to enhanced glycogen phosphory- 
lase activity. Once the muscle relaxes and Ca* + returns to the sarcoplasmic 
reticulum nr AMP is consumed to produce ATP, these effects are lost. The 
end result is that active muscle sends signals that increase the breakdown of 
glycogen into glucose, thus increasing available energy suhslrates. 

Insulin Regulation 

hi the fed state, the body increases serum insulin levels. Specifically, in the 
liver, insulin depresses gluconeogenesis and increases glycogen production. 
Within skeletal muscle, insulin increases glucose transport into cells, where it 
is phosphor)'l a ted and enters metabolic pathways ending in ATP production. 
The absence of insulin exerts opposite effects. Iu this stale, the liver mobilizes 
glycogen and adipose tissues mobilize fatty acids in order to maintain systemic 
glucose levels. Within muscles, a decrease in insulin-mediated glucose trans¬ 
port leads to glycogenolysis. More information on insulin's actions can be 
found in the endocrine physiology section in Chapter 2. 

Lipid and Protein Metabolism 

In a state of starvation, muscle is able to use fattv acids and ketones for energy. 
By the third week of starvation, muscle is able to operate almost entirely on 
mobilized fatty acids. 

At the onset of a stale of starvation, rapid muscle protein turnover also occurs, 
resulting in the release of amino acids to the liver for gluconeogenesis. As the 
brain begins to use alternative sources of energy, thus reducing its need for 
glucose, protein breakdown decreases. 

Exercise 

During strenuous activity, skeletal muscle's metabolic needs are the greatest. 
Depending on llie intensity of the aclivity, potential energy sources (glucose, 
glycogen, fatty acids, and protein) are utilized in different proportions. When 
energy demands arc greatest (le. T during sprinting), anaerobic metabolism 
predominates. Intracellular glucose and glycogen are the primary-' fuels for 
rapid energy requirements. In fact, anaerobic metabolism can begin sustain¬ 
ing ATP stores before deliver)' to muscle increases. When energy needs arc 
low. however l i.e., during w alking), oxidation of circulating glucose and fatty 
acids is favored. This form of metabolism extracts far more energv from fuel 
(~ 38 ATP molecules per glucose molecule), and therefore can sustain muscle 
activity much longer than inefficient substitutes like anaerobic metabolism. 

At the onset of aerobic exercise, hepatic glycogcnolysis supplies 40% of the 
increased energy needed by muscles. In these early stages, there is an exercise- 



induced translocation of GLUT-4 glucose transporters to the muscle plasma 
membrane. This insulin-independent response is thought to be mediated 
by AMP kinase. As time progresses, hepatic gluconeogeuesis becomes more 
important in the maintenance of circulating glucose. Alanine and lactate, 
produced in peripheral anaerobic metabolism, become important substrates. 
In fact, resting muscle can transform glycogen stores into lactate for systemic 
release, leading to hepatic conversion to glucose and redistribution to active 
muscle. 

At later stages of lengthy exercise, glucose use within skeletal muscle decreases 
and fatty acid oxidation increases from its original ~ 60% share to provide 
nearly all of the necessary substrates for aerobic exercise metabolism. 


IMPORTANT LABORATORY VALUES 


TABLE 5-6. Laboratory Values Pertinent to Musculoskeletal and Connective Tissue Disorders 


Lab Test 

Abbreviation 

Marker for... 

!UJHViiiuiilit4JUiiirviniPiiiiiiiM«Miif If u ■■mi tlllfnvHHnri iiJrnrtfl 

Normal Range 

Erythrocyte 

sedimentation rate 

ESR 

Systemic inflammation. 

Male: 1-13 mm/h. 

Female: 1-20 mm/h. 

Creatine kinase 

CK 

Muscle injury. 

Male: 38-174 U/L 

Female: 96-140 U/L. 

CK isoenzyme 
(myocardial bound) 

CK-MB 

Cardiac injury or regenerating musde. 

£ 5% of the total CK should be MB 
isoenzyme. 

Anti neutrophil 

c-ANCA (cytoplasmic) 

Wegener's granulomatosis. 

Nonreactive, 

cytoplasmic antibody 

p-ANCA (perinuclear) 

Microscopic polyangirtis or focal necrotizing 
and crescentic glomerulonephritis. 

Nonreactrve. 

Greactive protein 

CRP 

Direct marker for systemic inflammation. 

<12mg/L 

Alkaline phosphatase 

Aik phos 

Bone turnover. 

Age 5 18 years: - 330 U/L 

Age > 16 years: - 100 U/L 

Serum calcium 

Ca 2+ 

Disordered calcium homeostasis. 

< 10 mg/L 

Parathyroid hormone 

PTH 

Parathyroid gland function. 

3 Tests: 

Intact PTH: 10-65 pg/mL 

PTH N-teiminus: B-24 pg/mL. 

PTH C-terminus: 50-330 pg/mL. 

Parathyroid hormone- 
related peptide 

RTHfP 

Protein secreted by neoplastic cells, mimics 
PTH; its activity may lead to disordered 
calcium and/or phosphate homeostasis. 

Undetectable 
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The tnosl common tumor found in hone is a metastasis from other organ sys¬ 
tems, Prostate, breast, and lung carcinomas account for 80 7c of bone metasta- 
scs. The majority of these inetaslascs spread hematogenously, although rarely, 
these cancers can invade bone through local invasion. Once in Ore hone, 
tumors may lead to osteolysis, osteogenesis, or both. Factors that elicit bone 
resorption, such as parathyroid hormone-related peptide (PTHrP) or cyto¬ 
kines that increase osteoclast differentiation and activation iIL-1 or TWF-a) 
result in osteolysis. Conversely, osteogenesis occurs in response to lesions that 
stimulate osteoblastic differentiation. 

Presentation 

Although they are often asymptomatic, bony metastases may present with 
pain, swelling, nerve compression, or pathologic fracture. Marrow infiltra¬ 
tion by lymphomas, one type of myelophthisis, is also common. Pain usually 
develops gradually over several weeks, and is most intense at night. If neu¬ 
rologic symptoms such as numbness* weakness, or radiculopathy accompany 
back pain, an emergent spinal cord evaluation is indicated. 

Diagnosis 

All patients should be screened with plain films and scrum calcium levels. 
Osteolytic lesions > 1 cm in size, common in renal cancer, can regularly he 
detected with plain radiographs and often cause hypercalcemia. Urinary col¬ 
lagen degradation products (such as hydroxyproline) are indicative of ECM 
breakdown. Osteoblastic lesions, commonly seen in breast and prostalic 
metastases, are best detected with radionucleotide bone scans which will show 
increased uptake. In these instances plain films may reveal focal sclerosis. 
These patients often have increased serum alkaline phosphatase levels and, if 
disease is widespread, hypocalcemia. 

Treatment 

Hie therapeutic approach depends on the source of the underlying malig¬ 
nancy and symptomatology. Bisphosphmiates, agents that inhibit osteoclast 
function, arc adjunctive medications used to preserve bone health and relieve 
pain. Severe bone pain in the terminal stages of cancer is very common and 
adequate attention to pain symptoms may require relatively high doses of nar¬ 
cotic analgesics to maintain patient quality of life. 

Prognosis 

Overall survival is highly variable, depending on the primary diagnosis. 

Primary Cancers 

Benign 

There are four important benign primary tumors of bone. 

Osteochondroma: The most common benign bone tumor, usually occur¬ 
ring in men under age 25 years. It often arises from the long inetaplwsis. 
Malignant transformation to chondrosarcoma is rare. 

Giant cell tumor: Benign tumor composed ot spindle-shaped cells with 
multinudeated giant cells (osteoclasts). It is most commonly found at epi¬ 
physeal ends of long bones, such as the distal femur or the proximal tibia. 




MNEMONIC 


Primary tumors that metastasize to 
bone: BLTT with a Cool Kosher 
Pickle. 

Breast 

Lung 

Thyroid 

Testes 

Co/on 

Kidney 

Prostate 



KEY FACT 

i _ 


The three most common bony 
sites for metastases (in descending 
order): 
m Vertebrae 
■ Proximal femur 
» Pelvis 




MNEMONIC 


Lung =* Lytic 

Prostate = Btaslic 

Breast = Both lytic and blastic 
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I lie peak incidence is at 20-40 years of age. It carries a distinct histologic 
appearance (see Figure 5-1S). Grossly it contains areas of necrosis and 
hemorrhage. It also has a characteristic "double bubble” or “soap bubble” 
appearance on X-ray. 

Enchondroma: Benign cartilage cyst Found within the bone marrow, 
often affecting the hand, humerus, femur, and tibia. On X-ray, this tumor 
appears as a lytic area in (lie bone marrow with stippled calcification. On 
Mill, this tumor has a popcorn appearance. 

Osteoid osteoma: A benign bone-forming tumor seen in adolescence. It 
typically presents with night pain that improves with NSA1D use. 

Malignant 

There are three important malignant primary bone tumors: 

Osteosarcoma 
Ewing’s sarcoma 
Chondrosarcoma 

Osteosarcoma 

The most common primary' bone malignancy (45%), tins cancer results in the 
production of immineralizcd bone (osteoid) and is therefore also known as 
osteogenic carcinoma (see Figure 5-19). The majority of cases occur in chil¬ 
dren and adolescents. 'I’hose that occur late in life (~ 10%) are often second¬ 
ary to predisposing risk factors such as radiation exposure, familial retinoblas¬ 
toma, benign transformation (as in Paget's disease), or bone infarction. Males 
arc affected more than females. 



figure 5-la. Giant cell tumor pathology. (A) (.•unit cell tumor of the distal end of tlit 

femur, showing expansion of ihe bone end by a well-circumscribed mass composed of fleshy 
tumor that lias replaced the bone. A thin rim of hone is present around the mass. The outline 
of the hone is indicated by ihe dolled lines, (Hi Histology or giant cell tumor of hone, showing 
numerous oslcoelast-like giant cells and intervening small spindle cells. (Reproduced, with per¬ 
mission. hum Chiindnisoma P. Taylor CR. Lange Pathology, 3rd ed. Stamford, GT: Appleton lV 
Ungc. 1998. Copyright ' 2006 MtGruwdlllL) 
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Malignant 


Osteoid 
produced 
by tumor 
cells 


Normal 

bone 


figure 5-19. Histology of malignant osteosarcoma. Histology showing small malignant 
osteoblastic cells surrounded by osteoid, which appears as a homogeneous material between 
the malignant cells. Contrast this with the residual normal bone spicule. <Reproduced, with 
permission, from Chandnisonij P. Taylw CK. L«mgc Ptithofovy. 3rd cd, Stamford, Cl: Apple* 
ton & l-ange. 199$. Copyright © 2006 McGraw*l 1111.) 


PR£$£NTATtQN 

Osteosarcoma has an affinity for the metaphysics of long bones, specifically the 
distal femur, proximal tibia, and proximal humerus. Patients usually complain 
of pain and swelling of the affected region. 

Diagnosis 

A plain film will reveal osteolysis with a “moth-eaten” appearance and a 
periosteal “sunburst” reaction. New bone formation at the margin of the sofl 
tissue mass leads to the characteristic Godnums triangle due to elevation of 
the periosteum. Chest radiograph)' and CT are employed to rule out lung 
metastases and a bone scan can uncover bonv metastases. 

Treatment 

Preoperative chemotherapy, limb-sparing surgery, and postoperative chemo¬ 
therapy are the usual regimen. Prominently employed eheniothcrapcutics 
include doxorubicin, ifosfamide, cisplatin, and methotrexate with leucovorin. 

Prognosis 

'Hie most important prognostic indicator is response to chemotherapy. Long- 
term survival in extremity sarcoma lies in the range of 60%-80%, 

Ewing's Sarcoma 

Comprising only t0%-15% of bone sarcomas, this anaplastic blue-cell tumor 
has its peak incidence in adolescents. The underlying genetic abnormality is 
overexpression of the mie-2 gene, whose product is a cell-surface marker. This 
occurs simultaneously with t{ll;22) translocation, producing a chimeric pro* 
tein of unknown function. This genetic abnormality is common in those with 
primitive neuroectodermal tumors (PNETs), the family of tumors to which 
Ewing's sarcoma belongs. 
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Presentation 

Most often found in diaphyses of long hones, Ewing's sarcoma can also arise 
in Hat hones. 


Diagnosis 

Radiography reveals a characteristic “onion-peer periosteal reaction with a 
soft tissue mass (see Figure 5-20). Pathologic examination uncovers sheets of 
small, round, blue cells that can he confused with lymphoma or small cell 
carcinomas. 




MNEMONIC 


Going out for EwiflgS and onion 
rings, (Ewing's sarcoma results in an 
onion-peel periostal reaction-) 


Treatment 

The foundation of treatment is systemic diemolhcrapy, typically pursued 
before surgery. Doxorubicin, cyclophosphamide, ifosfamide, etoposide, vin¬ 
cristine, and dactinomybin are all efficacious. Surgical resection then follows. 

Prognosis 

'['his condition is very aggressive and is treated as a .systemic disease due to flic 
high probability of early metastascs. Common sites of metastasis include the 
lungs and other bones. Patients with disease of the distal extremities have a 
5-year survival rate of 8(1%. Cure rates are higher in children under 11 years 
of age. 



MOURE 5*20, Radiography of Ewing's sarcoma. iGdiogrttphy of periosteal response in 
Ivvvini^s sirctmia of lire femur m a 15-year-old hoy. i Reproduced, with permission, front Skin¬ 
ner I f Cfimfflf Ditigtmsk O Treu/weuf in Orthopedics. 411* eft, New York: McGraw-Hill, 

3W.) 
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Chondrosarcoma 

One-quarter of all bone sarcomas arc chondrosarcomas, with a peak inci¬ 
dence in the fourth to sixth decades. Primarily arising in flat bones like tbc 
shoulder and pelvic girdle, these tumors typically develop de novo by sporadic 
mutation. Rarely, they deviate from this pattern appearing in the diaphyscs 
of long hones or arising by malignant transformation of enchondromas or 
osteochondromas. 

Presentation 

Like other bone sarcomas, pain and swelling are the principal symptoms. 
Mew-onset pain, inflammation, and/or gradually growing mass, especially in 
the scapula or pelvis, are commonly associated with this tumor. 

Diagnosis 

Radiography reveals a lobular mass with mottled, punctate, or annular calcifi¬ 
cations of the cartilaginous matrix. 

Treatment 

Nearly all chondrosarcomas are resistant to chemotherapy; surgical resection 
of primal)’ tumors and mctastascs is the mainstay of therapy. Rare variants 
may have a component that can be treated with chemotherapy. 

Prognosis 

Chondrosarcomas follow an indolent course, eventually metastasizing to the 
lungs. 


BENIGN MUSCULOSKELETAL DISEASE 


Osteoarthritis 

Arising from Failure of the diarthrodial (movable, synovial-lined) joints, OA is 
the most common form of joint disease. While age is tine strongest risk lac- 
tor, trauma, obesity, and repetitive joint use also contribute to intra-artieular 
mechanical wear and tear As the name suggests, OA involves bom injury due 
to pitting and fraying of articular cartilage. Specifically, bom pathology nun 
be present in some or all of the following forms. 

Loss of articular cartilage: Wear and tear leads to cartilaginous injury. As 
the cartilage wears, it is unable to self-repair, leading to changes in joint 
stress and architecture. 

Sclerosis: Increased mechanical stress transmitted to bone beneath an 
articular cartilage ulcer produces increased subchondral bone density. 
This hypertrophy appears as increased opacity on plain films, 

» Osteophytes: Increased stress causes bone to remodel, producing hone 
spurs at the edges of articular surfaces, 

n Bone cysts: Mierofraclures beneath the cortex form due to increased 
stress. The hone resorbs due to microniotion and the cyst fdls wit It fluid 
and fibrous tissue. 





MNEMONIC 


Soft tissue pathology may also include synovitis with mild hypertrophy and 
thickening of the joint capsule. 


W 

Osteoarthritis leads to SMASHED 
joints: 

Subchondral cysts 
Mechanical damage to 
Articular cartilage 
Synovial 
Hypertrophy 
Eburnation 

DIP joints = Heberden's nodes 




Affected DIP joints are known as 

Heberden's nodes, and affected 

PIP joints are known as Bouchard's 
nodes. 


Primary OA is idiopathic and pathologically identical to secondary OA, which 
has an associated underlying cause. 

Presentation 

Older patients complain of a deep aching pain in weight-bearing diarthro¬ 
dia 1 joints after prolonged use, usually at the end of the day. This pain often 
improves with rest. On physical examination of the hands, pain and bony 
swelling are most pronounced in the distal and proximal interphalangcal (DIP 
and PIP.) joints. Swelling and bony crepitus may be evident in affected joints 
(see figure 5-21), Advanced disease may result in gross deformity, noticeable 
Irony hypertrophy, partial dislocation (known as subluxation), and loss of joint 
motion. There are no associated systemic symptoms. 

Diagnosis 

Based on clinical and radiographic findings, joint space narrowing occurs 
early in disease progression. Subchondral bone may contain cysts or sclerosis. 
Sclerotic regions have an ivory-like appearance radiographically, representing 
a phenomenon called eburnation. An altered joint contour or suliltixalion 
can also be seen. Despite this list of possible changes, however, radiographic 
appearance often does not correlate with symptom severity. Laboratory tests 
arc usually normal in primary OA, though synovial fluid analysis may be help¬ 
ful in secondary OA (caused by calcium pyrophosphate dihydrate, gout, or 
septic arthritis). 


Treatment 

Treatment goals include reducing pain, maintaining mobility, and prevent¬ 
ing disability. Reducing joint loading is a primary approach for mild OA. This 
may include improving posture, decreasing lumbar lordosis, and weight loss. 
OA is often the primary reason elderly patients avoid exercise; however, mod- 



FIGURE 5 - 21 . Osteoarthritic changes in the hand. Notice that anatomic changes, re¬ 
stricted to (lie DIP ,md PIP joints, do not a fleet the wrists, (Rcprodueed.svifh permission, from 
Fauci AS cl ah [eds.]- Ifarmurr's Principles of Internal Mudivinc t 17th eti New York: McGraw- 
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erate to vigorous exercise (enough to improve cardiovascular health) can be 
undertaken without exacerbating pain. In fact, physically active patients report 
decreased pain and increased quality of life. 

NSAlDs and acetaminophen are palliative pain relievers but do not prevent 
disease progression. Other short-term interventions include tidal irrigation 
and glucocorticoid or hyaluronic acid injections. Reserved for patients who 
fail conservative therapy, these therapies inevitably only last a lew months. 

Prognosis 

The natural history of OA is progressive joint degeneration and decreasing 
range of motion that worsens with age* use, and wear. End-stage OA can be 
relieved with total joint arthroplasty in hips, knees, and shoulders. 



KEY FACT 


Watch out tor Gi complications 
(peptic ulcer disease and/or 
hemorrhage) in patients regularly 
taking NSAlDs? 


Rheumatoid Arthritis 

RA is characterized by chronic autoimmune processes resulting in inflamma¬ 
tory synovitis of diarthrodial joints. This inflammation leads to reactive syn¬ 
ovial hypertrophy, referred to as pannm, which causes hone and cartilage 
erosion within 1 he affected joint. On tight microscopy, pan mis progression 
is accompanied by a synovial T M I cell infiltrate, edema, and microvascular 
injury. Though the inciting cause of RA is unknown, synovitis is propagated 
via T cells, H cells, mast cells, and circulating anti-lgG (also known as rheu¬ 
matoid factor, RF} that deposits in synovial tissue, RF is actually pen tame ric 
IgM that recognizes the Fc portion of IgG. Local cytokine release also leads to 
fibroblast activation and release of degradative enzymes that damage articular 
surfaces. There is a strong genetic association with 111A-DR4 ha plu types. RA 
is more common in women. 


Presentation 

Often affecting the PIP, metacarpophalangeal (MCP), and wrist joints, RA is 
marked by morning stiffness lasting > 1 hour, but improving w ith use. Typi¬ 
cally, joint involvement is symmetrical, and arises following a prodrome ot 
systemic complaints: fever, fatigue, and/or anorexia. Eventually the most sir ik¬ 
ing symptoms become swelling, tenderness, warmth, and reduced range of 
mol ion in affected joi nts. Knee involvement can result in inflamed synovium 
within the popliteal fossa, creating the characteristic IVakcr's cyst. As the dis¬ 
ease progresses, joint laxity, subluxation, and cartilage degradation develop. In 
late stages, fibrous or bony fusion, know n as ankylosis, and soft tissue eonlrae- 
iurcs may predominate. Specifically, fixed radial deviation of the w rists with 
ulnar deviation of the fingers is common, as arc hyperextension or swan-neck 
deformities of the PIP joints, and hyperextension or boutonniere deformi¬ 
ties of the DIP joints (see Figure 5-22). 

Patients often suffer from a variety of extra-articular symptoms. Muscle weak¬ 
ness and atrophy are common adjacent to affected joints. Twenty percent of 
patients may develop rheumatoid nodules: centralized zones of necrotic tis¬ 
sue surrounded bv macrophages and granulation tissue, appearing in areas ol 
mechanical pressure. Rheumatoid arteritis, pleuritis, and pneumonitis can 
also occur in patients with high RF titers. 

Diagnosis 

RA is primarily a clinical diagnosis, although laboratory evaluation may 
reveal an elevated FSR and CRI\ and a positive RF test (in two-thirds of RA 
patients). Patients also exhibit abnormal erytliropoiesis and a normochromic, 
normocytic anemia with thrombocytosis. Synovia! fluid tests reveal a turbid 
aspirate with increased protein and many PMXs* 









FIGURE 5*22. Manifestations of ft A in the hand. (A) A patient with early RA; there are 
no joint deformities, hut the soft tissue synovial swelling amuiid the third and fifth PIP joints 
is easily seen. (B) A patient with advanced RA, severe joint deformities including dorsal wrist 
swelling, suhluxation at the MCP joints, and swaiuneek deformities (hvpcrextension at the PIP 
joints), arc prominent. (Reproduced, with permission, from Imhodcn ). Helhnajm DB, Stone 
)11. Current Rheumatology Diagnosis treatment. New Voi le: McGraw-Hill, 2004: 163*) 


Radiography, though not necessary for establishing I he diagnosis, can confirm 
physician suspicions and reveal the extent of joint space narrowing (see Figure 
5-23)* Adjacent osteopenia and hone erosion are commonly seen* 



KEY FACT 


Elevated platelet counts can be 
a nonspecific sign of systemic 
inflammatory conditions. 


In order to make flic diagnosis of RA, a patient must fulfill four of the follow¬ 
ing seven criteria: 

Morning stiffness in and around the joints lasting >1 hour before maximal 
improvement* 

Simultaneous arthritis of three or more joint areas, observed by a physi¬ 
cian, with soft tissue swelling or joint effusions, not just bony overgrowth. 
The 14 possible joint areas involved include ihc right or left PIP, MCP, 
wrist, elbow, knee, ankle, and metatarsophalangeal joints (see Figure 
5-24). 

Arthritis of hand joints (wrist, MCP, or PIP joints). 

Symmetric arthritic joint involvement. 

Rheumatoid nodules: Subcutaneous nodules over bony prominences, 
extensor surfaces, or juxta-articular regions (observed by a physician)* 
Klevaled serum RK demonstrated by any method for which the result lias 
been positive in less than 5% of normal control subjects. 

Radiographic changes: Typical changes of RA on postcroanterior hand 
and wrist radiographs that must include erosions or unequivocal bony 
decalcification localized in or most marked adjacent to the involved joints. 

Treatment 

Therapeutic goals include (1) pain relief, (2) reduction of inflammation, (3) 
anatomic preservation, (4) functional maintenance, and (5) systemic control* 
Since the etiology is still unknown, therapeutic selection is often empirical* 
Physical therapy and rest arc effective for pain relief, while orlhotics can be 
used to support weakened joints. 


Medical management includes five modalities: 

Aspirin and NSAIDs: Alleviate pain of inflammation but do not affect 
progression. 

Low-dose oral or intrn-urticular glucocorticoids: Reduce inflammation 
and bone erosion. 

Disease-modifying antirhcuniatic drugs (DMARDs): These include 
methotrexate, antimalarials, and sulfasalazine. 'They slow disease progres- 






FIGURE 5 - 23 . Radiography of a knee with RA. Symmetric loss of cartilage space is typi¬ 
cal of an inflammatory arthritis. Despite this severe narrowing, there is very little subchondral 
sclerosis or osteophyte formation since these repair mechanisms arc generally not functional 
in active RA OA, in contrast, would produce unilateral joint space narrowing with a promi¬ 
nent osteogenic reaction (sclerosis and osteophytes). (Reproduced, with permission, hum Im- 
boclcn J, I iellinanu DR Slone Jl L Current Rheumatology Diagnosis Or 'treatment. New York: 
MeGraw-1 fill, 2004: 105.) 


A 


B 



figure 5*24. Distribution of RA and OA. The joint distribution of the two most common 
types of arthritis are compared: RA tA) and OA < B). RA involves almost all synovial joints in t tie 
bodv. OA has a much more limited distribution. Importantly, RA rarely, it ever, involves the 
DIP joints, hut OA commonly does, j Modified, with permission, from Imboden J. I lellmann 
DB t Stone )H, Current Rlwunuitologv Diagnosis Cr ‘Ire&tmmt* New York: McGraw-Hill. 2004: 
162.) 
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sion by decreasing inflammatory mediators, DMARDs may increase bone 
healing. 

Cytokine-neutralizing agents: Best in combination with DMARD ther¬ 
apy at initial treatment. Anti-TNF antibodies reduce signs, symptoms, and 
progression. 

Immunosuppressive and cytotoxic agents: Leflunomide, azathioprine, 
cyclosporine, and cyclophosphamide are also effective. Lefiunoniide is the 
most commonly used. 

Prognosis 

RA is highly variable in prognosis, ranging from mild disease with minimal 
joint injury, to progressive polyarthritis and significant disability. Often, the 
common clinical characteristics of this disease develop within 1 or 2 years of 
onset. 

Osteomyelitis 

Whether acute or chronic, osteomyelitis begins as a phagocytic response lead¬ 
ing to osteolysis. In adults, pyogenic bacteria and mycobacteria reach the bone 
via hematogenous spread 20%), or via direct introduction from trauma or 
nearby infection. The majority (> 50%) of heinatogenously spread cases arc 
caused by Staphylococcus aureus , while Pseudomonas aeruginosa and Semi* 
iia species are seen in IV drug users, 'The most common site of acute osteo¬ 
myelitis is the vertebral body (a favorite location for TB and brucellosis). Fol¬ 
low! ng hematogenous seeding via ihe vertebral arteries (see Figure 5-25), the 
infection spreads easily to the vertebral disk and adjacent vertebrae. Diabetes, 
hemodialysis, and IV drug use all increase the risk of vertebral infection. In 
contrast, sickle cell patients are known for their susceptibility to Salmonella 
species and S. aureus infections within long bones. 



FIGURE 5-25, MR I of vertebral osteomyelitis. Osteomyelitis of the thoracic spine demon¬ 
strated on a sagittal, fat-suppressed T1-weighted MR! after the administration of IV gadolinium. 
At T8-T9. there is involve men l of the adjacent vertebral bodies and intervening disk. Abnor¬ 
mally enhancing inflamed tissue extends from the disk space anteriorly (white arrow) as well 
as posteriorly into ihc epidural space, compressing the thecal sac (black arrow). (Reproduced, 
with permission, from Kasper DU Rraimwald K, Fauci A, Hauser SL. Longo D1 Jp Jameson JL P 
I i a rrisoi i V Principles of In te n w l Median e, E 6th ed, N ew Yo r k: M c G raw-l l i 11, 2005: 747.) 








Presentation 

In children, acute osteomyelitis is predominantly hematogenous in origin, 
often accompanied by a history of blunt trauma, When the infection breaks 
through the periosteum, cutaneous erythema and swelling may be present. 

In adults, vertebral infection often presents with neck or back pain, although 
it may present with abnormal pain in the extremities due to nerve root irrita¬ 
tion, These symptoms arc accompanied by low-grade fever and dull pain that 
slowly increases over 2 or > months. Vertebral percussion elicits tenderness, 
accompanied by paraspinal muscle spasm. If spinal pain progresses to radicu¬ 
lar pain, a spinal epidural abscess should be suspected. 

Chronic osteomyelitis is marked by fluctuating activity with periodic exacer¬ 
bations. Sinus tracts between bone and skin often drain purulent fluid and 
necrotic bone fragments. Increased pain and ESR accompany exacerbations. 

Diagnosis 

In addition to these clinical findings, most patients have a normal or only 
mildly elevated white count. Elevated ESRs (> 100 nnn/h) and CRPs are also 
common. Only 20%~’i0% of blood cultures will return positive. 

Radiographically, early plain films may show soft tissue swelling. At 10 days, a 
periosteal reaction appears. Lytic changes appear after 2-6 weeks, once 50%- 
75% of bone density is lost. Within the vertebrae, irregular erosions of adja¬ 
cent vertebral bodies suggest infection (tumors usually do not extend to adja¬ 
cent vertebrae). A technetium-99 radionucleotide scan, which is positive in all 
three phases, is more sensitive in the acute phase. MRI is the best modality for 
detecting epidural abscesses and should be performed in all suspected cases of 
vertebral osteomyelitis. 

Treatment 

Early diagnosis and high-dose antibiotic therapy are essential for preventing 
bone necrosis. Gram's staining of abscess aspirates should guide the choice 
of appropriate antibiotic. ESR and CRP levels can be monitored to assess 
response to treatment. 

In children with acute hematogenous infections, oral antibiotics follow 5-10 
days of IV antibiotics. In adults, IV treatment for 4-6 weeks should prove 
effective in both acute hematogenous and vertebral infections. Chronic osteo¬ 
myelitis can be treated with surgical debridement and long-term antibiotic 
therapy; however, the risks (including potential limb amputation) can out¬ 
weigh the benefits. Intermittent antibiotic therapy is effective for suppressing 
exacerbations* 

Osteoporosis 

The primary pathology of osteoporosis is a reduction of bone mass in spite of 
normal bone mineralization. Osteoporosis is defined by the WHO as a reduc¬ 
tion in bone mass of > 2,5 standard deviations below the mean for young, 
healthy, gender- and race-matched controls. This measure, also known as a 
T-score, is clinically useful because it correlates with fracture risk as a sequela 
of reduced bone density. Two types of osteoporosis are recognized: 

Type I: Postmenopausal, secondary to reduced systemic estrogen levels. 
Type II: Senile, affecting men and women > 70 years of age. 






In women, types 1 and IJ are frequent]} superimposed with increasing age. 
However, other extrinsic and intrinsic factors may lead to osteoporosis as a 
secondary outcome, making men susceptible to ibis condition as well Osteo¬ 
porosis affects whites more than blacks or Asians. 

Bone density maintenance is a balance between bone deposition (osteoblas¬ 
tic activity) and resorption (osteoclastic activity). These two opposing compo¬ 
nents of bone remodeling serve In repair micro-fractures, maintain skeletal 
strength, and regulate scrum calcium levels. However, any factor favoring 
resorption over deposition leads to a loss in overall bone mass. 

Several key hormones influence llie remodeling process: 

Kstrogcns: Deficiency results in increased osteoclast differentiation and 
activity, leading to increased rales and foci of resorption. 

Vitamin D: 'The active form, 1,25-diliydroxyvilnniui D, is produced by 
coordinated chemical modifications in the skin, liver, and kidney. It 
increases GT absorption of dietary calcium. 

Parathyroid hormone ( PT! I ): PT 11 inereases bone resorplion and reduces 
renal calcium excretion in order to raise serum calcium levels. FTH also 
causes increased phosphate excretion in the urine. 

Thyroid hormone: Hyperthyroidism is associated with increased bone loss. 
Locally produced growth factors: These include IGI s, ILs, TGF-P, and 
PTHrP 

Several extrinsic factors also contribute to the regulation of hone density. Spe¬ 
cifically, calcium nutrition and physical activity promote bone deposition, 
while certain medications (especially glucocorticoids and immunosuppres¬ 
sants) and cigarette smoking hinder this process. 

Presentation 

Reduced bone density does not produce specific symptoms, therefore osteo¬ 
porosis may present as a fracture in a patient with reduced bone density. For 
this reason, the physician's index of suspicion must be elevated, especially in 
elderly women. According to the National Osteoporosis Foundation, bone 
mineral density (RMD) should be determined in all postmenopausal women 
with risk factors or all women aged 65 and up. In addition to age and female 
gender, the intrinsic and extrinsic modifiers of bone remodeling mentioned 
above should all be considered risk factors. Furthermore, am risk for falls 
(impaired strength, coordination, or mentation), the most common precipi¬ 
tant of fracture, should be cause for initiation of an osteoporosis work-up. 

Older patients who present with sudden-onset back pain may have suffered a 
vertebral compression fracture (.see Figure 5-26). 'These pal ten Is also show loss 
of height and kyphosis, I lip fractures typically fit a history of a recent fall with 
pain and weakness in the affected hip and the inability lo hear weight. Distal 
radius (Gollesb fractures arc also common. 

Diagnosis 

Dual-energy X-ray absorptiometry (DHXA or DXA) scans have become the 
most popular method of measuring bone density, although quantitative CT 
provides helpful information regarding vertebral trabecular bone. Typically, 
DXA scans of the hip and lumbar spine define clinical HMD measures. 

When reduced HMD is found, modifiable risk factors should be sought, Nutri- 
lional and hormonal status can be determined hv testing serum albumin, 
calcium, PTH, 25(OH)-vitamin D. and TSH. Bone resorption rates can be 


KEY FACT 


T-score classifications: 

< 2.5 = Osteoporosis 

< 1.0 = Low bone density 
(osteopenia), with an increased 
risk for osteoporosis 







■II 


WKFr- . 

:LETAL AND CONNECTIVE TISSUE 

1 


CHAPTER 5 



FIGURE 5-26, Vertebral compression fracture. Lateral spine X-ray showing severe os¬ 
teopenia ami a severe wedge-type deformity (severe anterior compression)* (Reproduced, wills 
permission, from Kasper DL, Braumvaltl l\, Fauci A r l imiser $L, Longo Dl Jameson JL. Ilur- 
rifton's Principles ol Internal Mediate, 16th erl. New York: McC raw-1 It! L 2005: 2269.) 


qualitatively determined from serum alkaline phosphatase, urinary hydroxy- 
proline, and 24-hour calcium excretion levels. However, biochemical markers 
are more useful in monitoring patient response to therapy (when tested at ini¬ 
tiation of therapy and 4-6 months later) than in diagnosis. 

Treatment 

When osteoporosis is discovered, a variety of therapies are available* Kind, cal¬ 
cium and vitamin D deficiencies should be corrected and moderate weight¬ 
bearing exercise should be incorporated inlo the patients lifestyle when 
possible. 

Estrogen replacement therapies earn' increased risks for CVD, stroke, DVI f 
and breast cancer, and these possible risks must be weighed against the ben¬ 
efits for each individual patient* Alternatively, selective estrogen receptor 
modulators (SKRMs) arc available* These medications (tamoxifen and ralox¬ 
ifene) have specifically estrogenic effects on hone without the associated risks 
of hormone replacement* 

Bisphosphonates (alendronate and risedronate) are chemical analogs of 
pyrophosphate and act to reduce osteoclast number and function. Both are 
available in daily and oncc-wcckly dosing regimens and lead to fracture risk 
reduction of 40%—5D%* Calcitonin, administered intranasally, and PTt 1 both 
have anabolic effects on hone, thus preventing vertebral fractures. Though 
PTH reduces vertebral fractures by 65% and nonvertebral fractures by 45%, it 
is reserved for patients at very high risk for fracture due to a theoretical risk of 
osteosarcoma with prolonged use. 

Specific sequelae arc treated as medically indicated. Compression fractures 
usually require a short course of analgesia* Chronic back pain is usually due lo 
muscle strain and can he treated with relaxation, posture correction, mechani¬ 
cal supports, or muscle relaxants. 
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Prognosis 

Disease progression depends greatly on severity at diagnosis and intensity of 
intervention. Most patients can do well, though risk increases with age. 

Osteopetrosis 

Marble bone disease (also known as Albers-Schonberg disease) actually refers 
to a class of disorders sharing the common feature of defective osteoclastic 
hone resorption. The infantile (congenital or malignant) form is more severe, 
arising from an autosomal recessive mutation in the osteoclast cell-surface 
proton pump. This results in an inability to acidify the ruffled border and a 
failure of bone resorption. The less severe adult forms {types 1 and II), also 
referred to as benign osteopetrosis, arc autosomal dominant with varying lev¬ 
els of penetrance. Type II is caused by a mutation in the chloride channel 
that allows lor bicarbonate exchange and continued proton production. 

Presentation 

The infantile form occurs in 1 in 200,000 to 1 in 500,000 live births. The 
failure in bone remodeling can lead to cranial nerve paralysis due to foram¬ 
ina! narrowing. Inadequate marrow space can lead to extramedullary and 
splenic hematopoiesis. The adult forms are typically discovered incidentally 
by radiography while evaluating a fracture. The prevalence is between 1 in 
100,000 and 1 in 500 , 000 . Though referred to as “benign/* the adult forms 
can also present with complications such as deafness, psychomotor deficits, 
and osteomyelitis. 

Diagnosis 

Increased thickness of both cortical and trabecular hone leads In typical radio¬ 
graphic changes: 

Thickened cranium and hearing loss. 

Decreased size of paranasal and mastoid sinus cavities. 

Widened diaphyscs and metaphyscs of long bones. 

Alternating bands of luceney and sclerosis in the iliac crest. 

Treatment 

The infantile form is best treated with HLA-matchcd bone marrow transplan¬ 
tation to repopulate functional osteoclast progenitors (of the monocyte Un¬ 
cage). Success rates arc highest when performed before the age of 4 years. If 
left untreated, the infantile form is fatal by the age of 5 years. The adult form, 
it mi id, requires no specific therapy. 


Osteomalacia 



KEY FACT 


From Latin for bone, "osteo-" and 
Greek for soft, "malakia." 


Calcium and vitamin D deficiencies result in hypocalcemia and hypophos¬ 
phatemia, leading to impaired bone mineralization. Alternatively, chronic 
hypophosphatemia due to renal phosphate wasting can also trigger osteomala¬ 
cia. ( he key feature is a poorly mineralized bone matrix that is mechanically 
inferior to normal bone. This can result in bowed extremities, fractures, and 
proximal myopathy. 

Presentation 

As mentioned above, these patients suffer from increased fractures and bowed 
lung hemes. 
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Diagnosis 

A serum 25(()H)-vitamin D lc\cl < 15 ng/mL is associated with hypocalcemia 
and increased scrum PTH. The elevated P'l'H causes increased bone resorp¬ 
tion and serum alkaline phosphatase levels. PTH also increases renal calcium 
reabsorplion, leading to phosphaluria and hypophosphatemia, exacerbating 
the situation. 

Radiologically, thinned cortical bone and widespread luceiicv arc apparent, 
in addition, pseudofractures—radiolucent lines having the appearance of a 
fracture but lacking clinical signs—are common in the scapula, pelvis, and 
femoral neck. 

Treatment 

Vitamin supplementation with 800 JU vitamin D and calcium are integral, 
though therapy should certainly address the underlying disorder. If renal vita¬ 
min D activation is impaired, active forms of vitamin D must be given. If the 
patient is taking medications that increase vitamin D metabolism or lead to 
resistance, pharmacologic rescue doses (> 5000 1U for 5-12 weeks) may be 
required, 

Osteitis Fibrosa Cystica 

A result of primary hyperparathyroidism, osteitis fibrosa cystica (also known 
as Recklinghausen’s disease of bone) is marked by cystic spaces within the 
bone, lined by active osteoclasts. These sites of bone resorption often contain 
disorganized osteoid stroma and old blood, earning them the name “brown 
tumors,” Physiologically, elevated serum PTH levels increase bone turnover, 
leading to calcium and phosphate release into the blood. PI 11 acts to increase 
renal calcium reabsorption and phosphate excretion, leading to accumulation 
of total body calcium and loss of total phosphorus. PT11 also increases vitamin 
D activation within the kidney. 

Presentation 

Patients may experience bone pain or tenderness, bowing ot bones, and patho¬ 
logic fractures. 

Diagnosis 

Serum levels of calcium and alkaline phosphatase are elevated, while phos¬ 
phorus is decreased. Radiographic examination reveals a ground-glass appear¬ 
ance of cranial hones. 

Treatment 

The best therapy is to correct the underlying hyperparathyroidism via surgical 
resection of the parathyroid glands. 

Fibrous Dysplasia 

Fibrous dysplasia is a sporadic genetic disorder in which expanding lesions 
composed of mesenchymal cells arise within medullary bone, leading to skel¬ 
etal abnormalities. In addition, patients may suffer from disordered pigmenta¬ 
tion (cafe-au-iait spots) and endocrine excess (precocious puberty). Together, 
this triad is known as McCunc-Albright syndrome. The specific genetic 
mutation leads to constitutive activation of the G s a C-protein subunit. This 
causes autonomous activation of several cellular processes, including bone 
resorption, pigmentation, thyroid hormone production, and ovarian I ion none 
release. 
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Presentation 

While fibrous dysplasia occurs equally across both genders, the McCime- 
Albright triad predominates in women 110:1}, More frequently; patients suffer 
only a single skeletal lesion (mono-ostotic form) arising in the third decade* 
However, patients with multiple lesions (polyostotic form) typically present at 
< 10 years of age. Early onset generally correlates with greater severity. Hie 
polyostotic form afflicts the bones of the face, ribs, proximal femur, and tibia 
(sec Figure 5-27). Expansion of lesions, often exacerbated in the presence of 
pregnancy or hormonal therapy, leads to pain, deformity, fracture, and pos¬ 
sible nerve entrapment 

Diagnosis 

Patients presenting with bone pain and cafe-au-lait spots with rough borders 
should have plain films of painful regions. Expansile skeletal lesions appear as 
radiolueent regions with a ground-glass appearance and a thin cortex. Patients 
may also display symptoms of other endued no pa lines, such as thyrotoxico¬ 
sis, acromegaly, hyperprolactinemia, hyperparathyroidism, or Cushing's syn¬ 
drome. Typically, serum alkaline phosphatase may be elevated, but calcium, 
P i’l l, and 25(OH)-vitamin D levels are normal. 


Treatment 

There is no definitive therapy. Surgical intervention is employed to prevent 
fractures, maintain threatened joints, or decompress nerves. Radiation therapy 
is ineffective and only increases the low risk of malignant transformation. 



KEY FACT 
L_ 


Conditions predisposing patients to 
gouty arthritis: 

Lesch-Nyhan syndrome 
Phosphoribosyt pyrophosphate 
(PRPP) synthetase excess 
Decreased uric add excretion (Le. f 
renal failure) 

Glucose-6-phosphatase deficiency 


Gout 

Most commonly affecting middle-aged men and postmenopausal women, 
in Ira-articular monosod in in urate (JV1SU) crystal deposition can result in 
significant arthropathy. Several metabolic abnormalities may underlie this 
pathology, leading either to increased production or io decreased excretion 
of uric acid. Dietary excess, physical stressors (c.g,, trauma, surgery, or Ml), 
excess alcohol ingestion, and ACTH or glucocorticoid withdrawal can all pre¬ 
cipitate an acute attack. Eventually; periodic episodes of acute gout give way- 
to a chronic nonsviii metric synovitis, Gout is also associated with the use of 
thiazide diuretics because these drugs competitively inhibit the secretion of 
uric acid. 



FIGURE 5*27. Radiograph of polyostotic fibrous dysplasia of the pelvis. \ Reproduced, 
with permission, from Skinner 1 IB, Current Diagnosis Cr 'Hvcr/werji in Orihofivdics, 411 1 til. 
New York: McCniw-l till. 2006: >20.) 







Presentation 


Acute asymmetrical monarticular joint pain, often of the first metatarsopha¬ 
langeal joint of the great toe, h the most common presentation. However, 
polyarticular arthritis may occur in the individuals with concomitant hyper¬ 
tension ami alcohol abuse. Classically, acute episodes occur at night, wak¬ 
ing patients from sleep to find a warm, red, tender, swollen toe (podagra). 
Early attacks resemble cellulitis, but resolve after 3-10 days. Patients may also 
present with foci of MSU deposition (tophi) in the Achilles tendon nr on the 
external ear. 

Diagnosis 

Diagnosis must be confirmed by articular fine-needle aspiration and exami¬ 
nation for negatively birefringent needle-shaped crystals (sec Kignre 5-28). 
Synovial white counts are also elevated (~ 60,000 cells/pL). Synovial fluid 
cultures should be performed if there is a clinical suspicion of simultaneous 
septic arthritis, A 24-hour urinary uric acid level may also help delineate an 
underlying metabolic basis. Urinalysis, BUN/Cr, white count, and serum lip¬ 
ids may reveal the presence of serious sequelae of acute gout. 

Treatment 

Anti-inflammatory medications (colchicine, NSAlDs, ami intra-articular glu¬ 
cocorticoid injections) are employed during acute episodes for pain relief 
Notably, colchicine and NSAlDs can be toxic to the elderly and patients with 
renal insufficiency or G1 disorders. Once acute attacks subside, hypouricemie 
therapies are used to prevent recurrence. These medications arc most effective 
in patients with hyperuricemia that is refractory to low-purine diets, reduced 
alcohol intake, and diuretic holidays. Probenecid increases uric acid excre¬ 
tion in patients excreting < 600 ing/24 hour or those dependent on thiazide 
diuretics. Allopurinol is best for uric acid overproduction or tmdcrexcrcliou 
and renal failure. 



FIGURE 5 - 28 , Wlonosodium urate crystals. Ex toted) tiluraiul intracellular MS If erys* 
tals, ns seen in a fresh preparation of synovial fhiid, illustrate needle-and rrxl-shapcd strongly 
negative birefringent crysluh {cnmpemalcd polarized lighi microscopy; 40 S.) x magnification), 

(Reproduced, with permission* from Kasper DL, Bmunwjild K. Kind A, I l:u.uer SL Kongo HI,, 
Jameson JL, llantson's Principles of Internal Medicine, i CVt 1 1 cd. New York: McGraw-Hill, 2(J(15; 
2(H7.) 
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Pseudogout 

Though the underlying mechanism is unclear, calcium pyrophosphate depo¬ 
sition disease (CPPD) affects \Q%~\ 5% of those 65-75 years of age and up to 
60% of those aged 85 and older Very few CPPD patients have concurrent 
metabolic abnormalities or a heritable genetic basis. Decreased glycosamino- 
glycan production may contribute to crystal precipitation. Neutrophil phago¬ 
cytosis of crystals leads to chemotactic recruitment of more inflammatory 
cells, as in true gout, perpetuating tissue injury. 

Pseudogont occurring in patients < 50 years old should prompt a search for a 
metabolic basis. Possible culprits include the “four Hs”: 

Hyperparathyroidism 

Hemochromatosis 

Hypophosphatasia {low activity of alkaline phosphatase) 

Hypomagnesemia 

It is speculated that hyperparathyroidism and hemochromatosis lead to ele¬ 
vated serum calcium and iron, respectively, which inhibit local pyrophos¬ 
phatases, resulting in increased pyrophosphate crystal precipitation. 

Presentation 

Though often asymptomatic, many individuals with CPPD suffer from acute 
and chronic arthritis resembling true gout. However, CPPD can lead to a 
symmetric proliferative synovitis (more common in familial forms) resembling 
RA t or intervertebral disk calcification that mimics ankylosing spondylitis. 
In spite of these peculiar traits, the most common presentation is knee pain, 
although ihe wrist, shoulder, elbow, and ankle are also often affected (unlike 
in OA). Pseudogout attacks may be accompanied by low- to high-grade fevers. 

Diagnosis 

Once again, joint aspiration leads to definitive diagnosis. Phagocytosed baso¬ 
philic, rhomboid crystals with weak positive birefringence are present. 
Radiographically, the bony changes mimic other arthropathies; however, the 
presence of radiodensc deposits in menisci or hyaline cartilage (chondrocalci- 
nosis) is presumptive evidence of CPPD disease. 

Treatment 

Colchicine, joint aspiration, NSAlDs, and intra-articular glucocorticoid injec¬ 
tions are the mainstays of therapy during acute attacks, sometimes shortening 
episodes from 1 month to 10 days in duration. Low-dose colchicine prophy¬ 
laxis aids patients with frequent episodes. Severe polyarticular attacks are best 
treated with steroids, while progressive large-joint destructive disease requires 
eventual joint replacement. 


CONNECTIVE TISSUE DISORDERS AND VASCULITIDES 


Polymyositis and Dermatomyositis 

The inflammatory muscle disorders arc the most common cause of acquired 
skeletal muscle weakness, affecting 1 in 100,000 persons. Though polymyo¬ 
sitis (PM) is restricted to adults, dermatomyositis (DM) affects both children 
and adults, and women more often than men. The most dramatic clinical 
distinction between these two disorders is (lie prominent rash that occurs in 
DM, though they also differ in their underlying pathophysiology. 
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In DM, humoral autoimmunity leads to microangiopathy and muscle fiber 
ischemia. B-cell infiltrates and complement activation within the thin layer 
of connective tissue surrounding individual muscle fibers (known as the 
endoniysium) contribute to disease progression. In PM, cytotoxic T cells 
release perforins in response to abnormal muscle cell MUC I expression, lead¬ 
ing to muscle necrosis. 

PM often mimics other myopathies and is considered a diagnosis of exclu¬ 
sion, occurring in the absence of the following symptoms: rash, extraocular 
or facial muscle weakness, family history' of neuromuscular disease, myotoxie 
drug exposure, muscular dystrophy, neurogenic disorders, endocrinopathy, 
and muscle enzyme deficiencies. Most commonly it is associated with viral 
or bacterial infections and autoimmune or connective tissue disorders. Medi¬ 
cations such as D-pcnicillamine and zidovudine can cause an inflammatory 
myopathy similar to PM. 

The photosensitive rash of DM is heterogeneous, sometimes appearing as 
puffy, purple eyelids (heliotrope rash), as a macular red rash on the face and 
trunk, or as a purple papular eruption on the knuckles (Gottron’s rash) (see 
Figure 5-29). Other areas (knees, back, neck, and shoulders) can be affected 
as well. 

Presentation 

Most commonly, the myopathies present with subacute, symmetrical, proxi¬ 
mal, and girdle muscle weakness that progresses over weeks and months. It 
is significant enough to inhibit daily activities (rising from a chair, combing 
one’s hair, lifting objects, and climbing stairs). Fine motor movements arc 
affected only late in disease progression and extraocular and facial muscles are 
spared completely in both syndromes. Pharyngeal and neck muscle involve¬ 
ment do occur, leading to dysphagia and head drop, respectively. Myal¬ 
gia is rare; if it occurs, a concomitant connective tissue disorder should he 
suspected. 



FIGURE 5-29. Rashes of de mi ato myositis- (A) Heliotrope erythema of upper eyelids and edema of the lower lids, (B) Goitrous 
papules on the dorsa of the hands and fingers, especially over I he metacarpophalangeal and intcrphatangeal joints. (Reproduced, with 
permission, from Wolff K, Johnson RA. Smmuond O. Fitzpatrick's Color Atlas and Synopsis oj Clinkat Dermatology, Slh ed, New York: 
McGraw-Hill, 2005: 371 371) 






























Diagnosis 

Serum muscle enzyme levels aid in diagnosis. Creatine kinase (CK) usually 
parallels disease activity. In addition, electromyography (EMC) helps to rule 
out neurogenic disorders. 

Ultimately, however, muscle biopsy provides definitive proof of underlying 
pathology. PM is a primary inflammatory condition in which T-cell infil¬ 
trates are found among healthy muscle fibers, eventually leading to necrosis 
and phagocytosis. The underlying CDS/MI 1C lesion is definitive. In DM. 
endomvsial inflammation only occurs in the immediate vicinity of the small 
vessels. The resulting angiopathy leads to wedge-shaped ischemic injuries 
within the muscle and peripheral peri fascicular atrophy. 

Treatment 

Immunosuppressant therapy is employed to improve muscle strength and 
relieve cxtramuscular symptoms. Plasma CK levels can be followed as evi¬ 
dence of response to treatment, but improvement in muscle strength is (lie 
primary endpoint. Patients usually begin on high-dose (i mg/kg) oral predni¬ 
sone lapers. with clinical improvement occurring during the third month of 
therapy. Though most patients respond, up to 75% will require modifications 
to their treatment regimens due to glucocorticoid side effects, development of 
steroid resistance, or rapidly progressive disease. Azathioprine, methotrexate, 
and cyclophosphamide are common second-line agents. 

Prognosis 

Most patients improve with therapy and achieve full functional recovery 
through maintenance therapy. PM morbidity usually results from interstitial 
hmg disease, respirator)' muscle involvement, or cardiac complications. 

Seronegative Spondyloarthropathies 

These diseases arc characterized by arthritis without RK (no anti-IgG anti¬ 
body). They occur more commonly in males, and arc strongly associated with 
I/LA-B27, which is a gene that encodes for It LA MHC I. 

Ankylosing Spondylitis 

Ankylosing spondylitis (AS) is considered a seronegative spondylmirthritis 
because screening for serum autoantihodics rarely yields positive results. AS 
onset correlates closely with inheritance of the HLA-B27 haplotype. Ninety- 
percent of patients with AS are HLA-B27 positiv e. 

The underlying cause of AS is unknown; inflamed sacroiliac joints have CD4 
and CDS infiltrates with high levels of 1 NF-a. The primary site of pathology' 
is the enthesis, the site of ligamentous attachment to bone. Inflammation at 
this site leads to adjacent marrow edema, bony erosions, fibrous progression, 
and eventual ossification. 

Bilateral sacroiliitis is often the earliest manifestation and the hallmark of 
AS. The sacroiliac joint also shows signs of svnovitis and pannns formation. 
Involvement of the vertebral bodies leads to inflammatory granulation of the 
anulus fibrosus. Ossification here leads to formation of syndesmophytes, 
which eventually bridge and obliterate the joint space, resulting in the patli- 
omncinonic "bamboo spine" seen on radiography. Decreased hone mineral 
density in the proximal femur and peripheral arthritis are also common. 







Presentation 

Symptomatic disease onset begins in early adulthood, beginning with insidi¬ 
ous deep, dull lumbar or gluteal pain. Morning stiffness that improves with 
movement, but returns at night and disrupts sleep is also typical Bony pain at 
sites oi enthesitis may predominate, and is palpable at the major bony promi¬ 
nences of the trunk, girdle, and pelvis, 

Several extra-articular symptoms can accompany AS. Acute unilateral ante¬ 
rior uveitis occurs in 30% ot patients and may precede ankylosis. Up to 60% 
of patients suffer symptoms of bowel inflammation. Aortitis, leading to aortic 
insufficiency and sometimes precipitating CHE. is a rare but serious extra- 
arlicular manifestation of severe and prolonged disease. 

At later stages, decreased lumbar range of motion leads to loss of lordosis* 
Restriction of chest expansion becomes significant. End-stage spinal involve¬ 
ment may result in fracture of brittle, osteoporotic vertebrae, leading to spinal 
cord injury, 

D/4CW0S/S 

Definitive diagnosis is clinched with radiographic evidence of sacroiliitis in 
addition to one of the three following criteria: 

History of inflammatory back pain. 

Limitation of lumbar range of motion (frontal and sagittal planes). 

Limited chest expansion. 

Radiographically, sacroiliitis is revealed by blurred cortical margins, bony ero¬ 
sions, and sclerosis. Fibrous progression into joints precedes ossification and 
appears as "pseuduwidcning” of I lie joint space, before joint obliteration by 
syndesmophytes occurs. Osteitis of anterior vertebral corners leads to “squar¬ 
ing” on plain films and eventual fusion of vertebrae, "I bis fusion appears as a 
“flat back” deformity (see Figure 5-30). Early changes {bone marrow edema 
and enthesitis) are best seen on CT or MRT. 

No specific laboratory test can clinch the diagnosis of AS. Instead, nonspecific 
tests are positive* such as elevated serum markers of inflammation (LSR and 
CRB) in addition to mild anemia of chronic disease. 

Treatment 

Immunomochilation with anti-TNF-ct therapies has revolutionized AS ther¬ 
apy, In several trials, infliximab and ctanercept have demonstrated signifi¬ 
cant improvement and even resolution of symptoms (morning stiffness, pain, 
flexibility, and elevated CRP and LSR), In contrast, traditional therapy lias 
included NSAIDs and physical therapy, although these show 1 little effect on 
disease progression* Uveitis, specifically* is treated with local glucocorticoids. 
Surgery, in the form of total hip arthroplasty', is reserved for patients with 
severe hip arthritis, and often results in immediate resolution of pain. 

Prognosis 

End-stage AS is a chronic progressive disease, significantly reducing patient 
quality of life. Most patients suffer increasing pain, stiffness, and disability 
despite traditional therapy, 

Reiter's Syndrome and Reactive Arthritis 

A triad of arthritis, urethritis* and conjunctivitis. Reiter’s syndrome belongs 
to a larger category of reactive arthridities (RcAs) in which up to 85% of suf- 
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FIGURE 5 - 3 o ♦ Radiograph of ankylosing spondylitis. Radiograph demonstrating "llal 
back^dcfonnit)* junclional kyphosis, anti sagittal decompensation, i Reproduced, with per¬ 
mission. hum Skinner El. Current Diagnosis Or Treat nivni fir Orthopedics, -till cd. New York: 
\k<havvdlilUOi)& 2 >2.) 


TO 


MNEMONIC 


Can't see (uveitis/eonjunctivitis). 
Can't pee (urethritis). 

Can't climb a tree (arthritis). 


ferers share the HIA-B27 antigen. It is thought that patients with this haplo- 
type have a genetic susceptibility to enteric and genital infections that trigger 
arthritis. In addition, HIV-positive individuals are susceptible lo these infec¬ 
tions and subsequent Re As. Several pathogens have been implicated: 

Shigella 
Salmonella 
m Yersinia 

Campylobacter 
Chlamydia trachomatis 

Most commonly affecting 18- lo 40-ycar-old males, the pathogenesis is 
unknown. Kneh of I lie inciting pathogens produces lipopolysaccharide (LPS) 
and can invade host cells, surviv ing inlraccllularly. In addition to similarities 
in causative pathogens, patients with I tic B27 haplotype have been found lo 
share a conserved 4-cell receptor, which may contribute to the 1^2-inediated 
inflammation found in RcAs. 
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Presentation 

Usually patients report an antecedent infection less than t month prior to the 
onset of an asymmetric progressive arthritis* Lower extremities (knees, ankles, 
and feet) are more commonly involved, though wrists and hands are may also 
be affected. Tense joint effusions, dactylitis, tendinitis, and fasciitis arc all 
common. Associated pathology includes ocular disease, which ranges from 
conjunctivitis to uveitis, as well as mucosal and ureteral ulcers and sores of 
the palms and soles. 

Diagnosis 

As a clinical diagnosis, reactive arthritis should be considered in patients suf¬ 
fering from inflammatory hack pain and a spreading arthritis occurring in 
close temporal proximity to an episode of dysuria or diarrhea. In addition to 
noting the distribution of joint pain and tendinitis, regions of common extra- 
articular involvement including eyes, skin, nailbeds, genitals, and mucous 
membranes should be examined. 

Treatment 

Acute arthritic symptoms are alleviated to varying degrees by NSAIDs, 
although immunomodulalors such as sulfasalazine and methotrexate may 
provide additional benefit. Prompt treatment of chlamydial infections may 
prevent the development of subsequent RcA. 

Systemic Lupus Erythematosus 

SLE is an autoimmune disease mediated by autoantibodies and immune com¬ 
plexes resulting in inflammation and injury within target organs. The immune 
complexes target DNA, IgC or IgM, complement proteins, and fibrinogen, 
This disordered immunity is the result of susceptibility genes, which lead to 
hyperreactive T and B cells, which then interact with persistent autoauti- 
gens* H LA-DO and ULA-DR alleles have both been implicated. In particu¬ 
lar, autoanti bodies target DNA- and RNA-protcin complexes* Moleeularly, 
pathologic antibodies cause: 

Destruction of Ig-coated circulating cells. 

Activation of the complement cascade* 

Release of ehemotaetic messengers and destructive enzymes. 

Ninciv percent of SLR patients are women between the ages of 14 and 45* 
This disease is most common and most severe in black females* 

Presentation 

Definitive diagnoses requires the documentation of 4 of 11 criteria over the 
course of the patients' medical history (specificity and sensitivity: - 95% and 
75%, respectively) (see '[able 5-7), In addition* antinuclear antibodies (ANAs) 
are positive in > 95% of patients; repeated negative results make the diagnosis 
less likely. Symptoms include fever, fatigue, rash, arthritis, weight loss, nan- 
bacterial verrueou$ endocarditis, and Raynaud's phenomenon* 

With the potential to affect nearly even organ system, SLL sequelae are quite 
diverse, and include constitutional symptoms such as Fatigue and low-grade 
fever. Descriptions of major organ svstem manifestations arc shown in Table 
5-8, 

Cutaneous: Lupus dermatitis (sec figure 5-5 I) can be discoid- systemic* 
or subacute. Most commonly, this occurs as the photosensitive, raised* ery¬ 
thematous malar rash over the cheeks and nose (sparing the nasolabial fold). 






Table 5-7. Classification Criteria for the Diagnosis of SLE 
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A patient must have 4 of the following 11 criteria at any time during disease history 
in order to be diagnosed with SLE 

Malar rash 

Fixed erythema, flat or raised, over the malar eminences. 

Discoid rash 

Erythematous circular raised patches with adherent keratotic 
scaling and follicular plugging; atrophic scarring may occur. 

Photosensitivity 

Exposure to ultraviolet light causes rash. 

Oral ulcers 

Includes oral and nasopharyngeal ulcers, observed by the 
physician. 

Arthritis 

Nonerosive arthritis of two or more peripheral joints, with 
tenderness, swelling, or effusion. 

Sarositis 

Pleuritrs or pericarditis documented by ECG, or rub or evidence 
of effusion. 

Renal disorder 

Proteinuria > 0.5 g/d or 3+, or cellular casts. 

Neurologic disorder 

Seizures or psychosis without other causes. 

Hematologic disorder 

Hemolytic anemia or leukopenia (< 4000/j.iL), lymphopenia 
(< 1500/j.iL), or thrombocytopenia (< 100,000/pL) in the 
absence of offending drugs, 

Immunologic disorder 

Anthds-DNA, anti-Sm, and/or aPLs. 


Antinuclear antibodies An abnormal titer of AN As by immunofluorescence or an 

equivalent assay at any point in time in the absence of drugs 
known to induce AN As. 


(Data from criteria published by EM Tan et al, Arthritis Rheum 2 1; 1271 , 1982; updated by MC 
Hochberg, Arthritis Rheum 40 (9); 1725, 1997. Reproduced, with permission, from Kasper DL 
et al (eds,) Harrison's Principles of internal Medicine, 16th ed. New York: McGraw-Hill, 2005: 
1962.) 


I he rash can also spread to the ears, chin, neck* and back, and is mediated 
by immune complex deposition at the dermis-epidermis junction. Subacute 
cutaneous lupus presents as scaly erythematous plaques resembling psoriasis. 
Other rashes and oral ulcers also occur. 

Musculoskeletal: Mosl patients experience intermittent polyarthritis, synovi¬ 
tis, and swelling and tenderness in the knees, hands, and wrists. Bony erosions 
are rare; they arc more commonly seen in RA, Persistent pain in any one joint 
should increase clinical suspicion tor ischemic necrosis, especially in those 
patients receiving systemic glucocorticoid therapy. Myalgias are also common¬ 
place, and must be distinguished from steroid side effects. 

Renal: Lupus nephritis is a common cause of morbidity in SU\. Kvery SLL 
patient should be screened for asymptomatic nephritis with a urinalysis and 
serum BUN/Cr level. Like other forms of nephritis, classification is histologic 






























TABLE 5 - 8 - Organ System Manifestations of Systemic Lupus Erythematosus 


Organ System 

Manifestation Notes 

Cutaneous 

Lupus dermatitis 

Discoid (OLE), systemic, and subacute cutaneous (SCLE); most commonly a 
photosensitive, red, scaly malar rash over the cheeks and nose. 

Musculoskeletal 

Polyarthritis and synovitis 

Swelling and tenderness in knees, hands, and wrists; bony erosions are more 

common in RA. 


Myalgias 

Must be distinguished from steroid side effects. 

Renal 

Lupus nephritis 

Morbid SLE complication; elevated creatinine, with hematuria and proteinuria. 

Nervous 

Cognitive dysfunction 

Decreased memory and reasoning. 


Headaches 

Intensify with SLE flares. 


CNS vasculitis 

Very problematic. 


Psychosis 

Must be distinguished from steroid side effects. 

Pulmonary 

Pleuritls 

With or without pleural effusion. 


Interstitial inflammation 

Fibrosis is a life-threatening complication. 

Cardiovascular 

Accelerated atherosclerosis 

Thrombotic and embolic disease leads to increased Ml and stroke risks. 


Myocarditis 

Can result in arrhythmias. 


Llbman-Sacks endocarditis 

Leads to valvular insufficiency and embolic CVAs. 

Hematologic 

Anemia of chronic disease 

Normochromic, normocytic. 


Thrombocytopenia 

If > 40000/pL* no therapy is needed. 


Leukopenia 

Primarily lymphocytopenia. 

Gastrointestinal 

Vasculitis 

Leads to perforations, ischemia, and bleeding, 


Lupus pancreatitis 

Very problematic 

Ocular 

Sicca syndrome 

a.k.a. Sjogren's syndrome. 


Non specific conjunctivitis 



Retinal vasculitis 

May be vision-threatening; treated with aggressive steroid therapy. 


Optic neuritis 


(involving deposi I ion of immune complexes willitn glomeruli and wire loop 
lesions). Dangerous forms of proliferative glomerulonephritis result in hema¬ 
turia and proteinuria. Most patients with nephritis develop hypertension; >0'% 
progress to a nephrotic syndrome. Rtfanic differences in prognosis do exist, 
with African Americans being more likely than Caucasians to progress to end- 
stage renal disease. 
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figure 5 * 31 , Cutaneous manifestations of SLE* (A) Bright red, sharply defined erythema with flight edema and minimal sealing in 
a "butterfly" pattern on tlie face in tins patient with acute disease. 'I‘his is the typical malar rash. Note also that the patient is female and 
young, (B) Well-demarcated, erythematous* hypcrkeratotic plaques with atrophy, follicular plugging, ^ad adherent scale on both checks. 
This is the classic presentation of chronic discoid LLL (Reproduced, with permission, from Wolff K, Johnson RA» Suurmond D, Fitepdf- 
rick's Color Atlas and Synopsis of Clinical Dermatology, 5th cd* New York: McGraw-Hill, 2005: 385 and 389.) 


Cardiovascular: Vascular occlusive diseases arc increased in lupus, especially 
in 11 iosc patients with anti-phospholipid antibodies (aPL), These aPLs lead 
to false-positive results on syphilis RPR/VDRL tests* Accelerated atherosclero¬ 
sis leads to significant increased risk of stroke and myocardial infarction. Vas- 
culitides also contribute to cerebrovascular events—the presence of aPL and 
oilier high scores of disease activity (anti-DNA antibody levels) signal higher 
risk. Clinicians must pursue risk reduction through aggressive treatment of 
hypertension and dyslipidemin. Long-term anticoagulation may be indicated 
in hypercoagulable patients. In addition to vascular manifestations, inflamma¬ 
tory' pericarditis is frequently seen. More worrisome, however, are tlie devel¬ 
opment of lupus myocarditis and Lihman-Sacks endocarditis. Valvular disease 
leads to mitral and aortic valve insufficiency, and sometimes emboli, which 
also increase stroke risk. When cardiac involvement is discovered, high-dose 
glucocorticoid therapy is initiated and patients are monitored for serious 
sequelae (heart failure and arrhythmias). 

Gastrointestinal: Nausea, vomiting, and diarrhea can be manifestations of 
SLR, typically resulting from vascular disease within the abdomen. Vasculitis 
involving the intestine is a very serious .complication, and may result in perfo¬ 
ration* ischemia, CI bleeds, diffuse abdominal peritonitis and potentially sep¬ 
sis* Aggressive high-dose steroids arc employed to avoid life-threatening seque¬ 
lae. Most patients have elevated ALL and AST levels. 

Diagnosis 

The most important test is for the presence of ANA, which is positive in 
> 95% of SLK sufferers. ANA is very sensitive* but it is not specific for SLE, 
as ANA can also be elevated in RA, TB, histoplasmosis, and malignant lym¬ 
phoma. High anti-double-stranded DNA (anti-ds-DNA) and anti-Smith (anti- 
Sin) liters are both specific for lupus. Anti-ds-DNA antibodies predict a poor 
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prognosis, aPL antibodies are not specific, though they fulfill 1 of the II cri¬ 
teria for diagnosis and should therefore be tested. Antihistone antibodies arc 
found in drug-induced lupus. The presence of anticardiolipin and the lupus 
anticoagulant tests are useful in SLK diagnosis, as is the Russell viper venom 
test (RVVT), an activated prothrombin test. Women of child-bearing age 
should receive a screen for anti-Ko antibodies because of a correlation with 
increased risk of fetal demise in pregnancy, as well as fetal congenital heart 
block. 

Other tests arc used to monitor disease progression and response to therapy. 
These include associated tests of organ function (urinalysis and creatinine), 
CBC, and hemoglobin. Complement, IL-2, and anti-DNA antibody levels 
also reveal disease activity. 

Treatment 

NSAIDs are the front-line therapy for patients with arthritis and myalgias. Der¬ 
matitis, arthritis, and fatigue arc addressed with anti mala rials. In cases of life- 
threatening conditions such as lupus nephritis, glucocorticoids, and cytotoxic 
agents arc the mainstays of pharmacologic intervention. High-dose systemic 
steroids to control acute symptoms are recommended for short periods of 
time due lo their high rate of serious complications. Steroid tapers arc begun 
as soon as symptom regression permits, although many patients require long¬ 
term low-dose therapy. In this instance, patients should he started on regimens 
to prevent common sequelae of steroid use (e.g. ? glucose intolerance, osteo¬ 
porosis, and hypertension). Some regimens cease steroid therapy altogether 
and replacing it with cyclophosphamide or azathioprine. 

Prognosis 

While most patients experience a range of disease severity with relatively 
quiescent stretches punctuated by acute exacerbations, complete regression 
is rare. Disability is a common end-point for SLE patients, whet tier due to 
arthritis, pain, fatigue, or end-stage renal disease. Renal failure results in the 
most morbidity of all SLK complications. 

Sarcoidosis 

A chronic disorder of waxing and waning course, affecting men and women 
aged 20-40 years. It is more common in black females. It is characterized 
by immune-mediated, widespread imncascating granulomas and elevated 
scrum angiotensin-converting enzyme (ACE) levels. Arising from disordered 
immune responses of unknown etiology, it is marked by T ( |l lymphocytes 
accumulating within organs due to one of two possible inciting events: 

The presence of persistent antigens (or self-antigens). 

Decreased efficacy ofT-supprcssor cells* 

Mononuclear phagocytes then infiltrate tissues in response to released IL-2. 
In the tissue, the phagocytes then differentiate and fuse to produce the multi- 
nucleated giant cells that reside in the center of noncascating granulomas (see 
Kigure 5-32). B cells are recruited lo the outer layers of granulomas, where 
they produce pathologic levels of immunoglobulins via nonspecific activation. 
If these processes persist for sufficient time periods, fibrosis and functional def¬ 
icits ensue, leading to patient symptomatology. 

Pathology includes epithelial granulomas containing microscopic Schau- 
mann (calcium + protein) and asteroid (star-shaped within giant cells) bod¬ 
ies. The epithelioid giant cells residing within granulomas are believed to pro- 


I'M DAMN SHARP 

Immunoglobulins (anti-ds^DNA, 
anti-Sm, anti-PL) 

Malar rash 
Discoid rash 
Antinuclear antibodies 
Mucositis (ora/ ulcers) 
Neurologic disorders 
Serositis (pleuritis, pericarditis, 
peritonitis) 

Hematologic disorders 
Arthritis, Alopecia 
Renal disorders, Raynaud's 
phenomenon 
Photosensitivity 
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figure 5-32* Pathogenesis of sarcoidosis. {A) Histologic abnormalities. Nonna! alveoli (top) and alveoli in active sarcoidosis (bot¬ 
tom), The latter are distorted by the accumulated CIYT T n l lymphocytes, alveolar macrophages* and macrophages aggregated into gran¬ 
ulomas, There is mild damage to alveolar epithelial and endothelial cells, (B) The exaggerated processes ofT^t lymphocytes in affected 
organs result in the accumulation of these cells along with macrophages and macrophages aggregated into granulomas. The trigger for 
the Tj| I lymphocytes is imkmmn. Tire immune response is exaggerated and skewed to produce activated Tyl lymphocytes that release 
II ,-2, which drives the aceuinidation of more I lymphocytes. The activated Tjil lymphocytes also release interferon-? (IFN-?). Together 
with cytokines such as 11,-12. macrophage inflammatory protein la, and granuloeyte-maerophage colmn-stiimilaling factor released in the 
local milieu, there is recruitment and activation of blood monocytes and subsequent granuloma formation. (Modified* with permission* 
from Kasper OL Bmunwalt] K, Fauci X Hauser SI „ Ixnigo DL, Jameson JL, f/drrisrins Principles of Internal Medicine. Ifilh ed. New. 

York: MtCraw-Hill 2005; 2018.1 


duce elevated levels of 1,25-dihydruxyvitamiii l'), leading to enhanced calcium 
absorption in Ihe gut and hypercalciuria, with or without hypercalcemia* 

Presentation 

Although sarcoidosis is a systemic disease* the lungs arc most commonly 
affected. Acute or subacute cases develop over short time courses (weeks), pre¬ 
senting with constitutional symptoms of fatigue, low-grade fever, night sw eats, 
malaise, anorexia, and weight loss. Pulmonary symptoms include cough* dys¬ 
pnea, retrosternal chest discomfort, and hemoptysis. More insidious disease 
progression may develop over mnnihs and cause respiratory symptoms in ihe 
absence of constitutional symptoms. 

Within the lung, sarcoidosis is primarily an interstitial restrictive lung disease, 
affecting alveoli, terminal bronchi, and vasculature. Enlarged nodes or altered 
lung architecture can compress airways leading to distal atelectasis, but typi¬ 
cally patients lack signs of wheezing. Instead, auscultation reveals dry rales. 
Noutcndcr lyinphademipalhy is very common, often occurring in the cervi¬ 
cal, axillary, tracheal* thoracic* medmstinal/hilar, and inguinal distributions. 

About 25% of patients experience skin manifestations, such as erythema 
nodosum, tender deep-seated nodules or plaques on I lie lower extremities. 
Other cutaneous manifestations include infiltrated papules about the nose 
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and erythematous or violaceous papules on the upper extremities (see Figure 
5-35), Another 25% suffer eye involvement that can lead to blindness. Typical 
affected structures include the uvea, iris, ciliary body, and choroids. Posterior 
uveitis is most common, presenting with blurred vision, lacrimal ion, and pho¬ 
tophobia. Retinal vasculitis and conjunctival involvement may occur, Lacri¬ 
mal gland inflammation leads to sicca syndrome. 

Several other organs can be involved as described in Table 5-9. An acute form, 
developing over a period of weeks and involving several of these organ sys¬ 
tems, has been described. Dubbed the Hcerfordt-Waldenstrom syndrome, it 
occurs as a combination of fever, parotid gland enlargement, anterior uveitis, 
and facial nerve (or Bel Vs) palsy 

Diagnosis 

Sarcoidosis should be considered in any patient between the ages of 20 and 
40 who has respiratory complaints, blurry vision, erythema nodosum, and 
hilar lymphadcnopathv. Hilar or mediastinal lymph nodes arc known as 
“potato nodes/* Laboratory tests for lymphocytopenia, ensinophilia, increased 
FSR, bvpcrglolnil mania, and elevated ACE levels all can supplement I lie 
diagnosis. 

When screening patients for hilar lyniphadciiopathy* chest films display one 
of three patterns: 

Type !: Bilateral hilar lymphadenopathy without parenchymal changes. 
Type II: Bilateral hilar lymphadenopathy with diffuse parenchymal changes, 
Tvpc III: Diffuse parenchymal changes without hilar lymphadcnopalhy. 

Patients with type 1 radiographs lend to have acute but reversible disease, 
whereas types II and 111 signal a chronic, progressive form. Pulmonary func¬ 
tion tests reveal decreased lung volumes and diffusing capacities. Gallmin*fi7 
lung scans are abnormal, showing diffuse uptake in active areas of inflamma¬ 
tion {especially in affected lymph nodes). Other tests are positive for specific 
types of organ dysfunction. 

Treatment 

The therapy of choice, as in most inflammatory conditions, is a high-dose glu¬ 
cocorticoid taper. Methotrexate, antimalarials, TNF-CX inhibitors, and immu- 



FIGURE s- 33. Cutaneous manifestations of sarcoidosis, (A) Brow nisi Mn-pur pic papules coalescing to irregular plmpies, occur¬ 
ring on the fac e of tins man who also had massive pulmonary involvement, t B) Piipulai brownish to violaceous lesions on the dorsa of a 
40-ycar-okl woman who also had pulmonary involvement. Note swelling of the fourth digit of the left hand and of the fifth digit of the 
right hand, i Reproduced, with permission, from WolfTK* Johnson R V Suurmond !>. litzpalmk's Co far Ail tin ami Synopsis o/ Clinical 
Dermatology* , 5lh cd. New York: McGraw-Hill. 2005: 430 and43T 





TABLE 5-9, Organ System Involvement in Sarcoidosis 
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Organ or System 

Symptoms 

Pathology 

Upper respiratory tract 

Nasal stuffiness. 

Local inffammatron. 


Wheezing and stridor 

Obstructive lesions. 

Parotid gland 

Nontender enlargement. 

Space-occupying lesions. 

Bone marrow 

Anemia, neutropenia, 
thrombocytopenia. 

Marrow infiltration. 

Spleen 

Splenomegaly. 

Space-occupying lesions. 

Liver 

Elevated LFTs, alkaline 
phosphatase. 

Granulomatous hepatitis. 

Kidney 

Nephrolithiasis. 

Increased Ca z+ absorption from 
granuloma-based vitamin D 

activation. 

Nervous 

Seventh nerve palsy 

Local inflammation. 

Musculoskeletal 

Arthritis of large joints. 

Local inflammation. 


Cortical bony lesions of hands 
and feet 

Space-occupying lesions. 

Cardiac 

Arrhythmias and heart block. 

Local inflammation. 
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nosuppressants have all been used in refractor) cases, though only methu- 
Irexatc is proven to be effective. Deciding when to treat may prove difficult, 
as 50% of acute cases spontaneously subside. However, glucocorticoids are 
known to suppress active disease and should be instituted to protect important 
organs al risk. 


CRAIN 

Gammaglobulinemia 
Rheumatoid arthritis 
ACE increase 
Interstitial fibrosis 
Noncaseating granulomas 


Prognosis 

Most patients suffering from acute disease achieve remission with no signifi¬ 
cant long-term sequelae. Half of all patients experience mild permanent organ 
damage that rarely progresses; 20% arc left with intermittent recurring disease 
and only 10% succumb to direct sequelae of sarcoidosis. 

Mixed Connective Tissue Disease 

'This is an autoimmune disorder with features of lupus, RA. myositis, and pro¬ 
gressive systemic sclerosis (SSc). It is generally viewed as one of the less-differ¬ 
entiated connective tissue disorders. The exact pathophysiologic mechanism 
of mixed connective tissue disease (MCTD) remains unknown. MCTD is 15 
times more common in women than in men. It is less common than SIT and 
about as common as scleroderma. 


Presentation 

The onset of MCTD is characterized by symptoms seen in scleroderma, SIT, 
RA, and myositis that occur sequentially. Patients generally present with arlli* 






















































mlgias or arthritis, commonly associated with skin changes. Raynaud's phe¬ 
nomenon is seen in 90% of patients, and myositis is present in 75% of patients 
early in the course of disease. Involvement of the lungs is common in MCTD, 
although most patients arc asymptomatic. 

Diagnosis 

Major clinical findings include Raynaud’s phenomenon, swollen hands, 
arthritis, esophageal dysmotilitv, myositis, and pulmonary hypertension, with 
or without SSc. Most importantly, a high level of anti-Ul ribonucleoprotein 
autoantibodies (anti-RNP Ah) in the absence of the anti-Smith antoantibody 
(no anti-Sm Ab) is required for diagnosis. 

Treatment 

Generally, SLF,-like features, arthritis, and pleuritis are treated with NSAlDs, 
an timala rials (hydroxychloroquine), low-dose corticosteroids, and methotTCX- 
alc. Raynaud's is treated symptomatically with calcium channel blockers. 

Prognosis 

There is a very' low incidence of renal involvement with diffuse proliferative 
glomerulonephritis and neurologic disease. The major cause of mortality is 
progressive pulmonary hypertension and its cardiac sequelae. The general 
consensus is that patients with MCTD have a better prognosis than those with 
SLE. 


Systemic Sclerosis 

SSc is a systemic disease primarily characterized by skin sclerosis, thicken¬ 
ing, and tightening. Also known as scleroderma, it is a heterogeneous disorder 
both with respect to the involvement of internal organs and joints, am! the 
pace and severity of its clinical course. SSc is most commonly seen in women 
(femaleanale ratio of 5;]) between the ages of 55 and 64 years. It is slightly 
more common in African Americans, 


Presentation 

In localized scleroderma, cutaneous changes consisting of dermal fibrosis are 
seen without organ involvement. Diffuse systemic sclerosis includes fibrotic 
skin changes with frequent pulmonary, renal, and cardiac involvement. Lim¬ 
ited SSc presents with fibrotic skin limited to the hands, forearms, feet, neck, 
and face (see Figure 5-54). Patients may also have Raynaud's phenomenon, 
telangicctasias, skin calcifications, and laic pulmonary hypertension. 

Diagnosis 

The major criterion for diagnosis is scleroderma proximal to either the MCP 
or metatarsophalangeal joints. Minor criteria include sclerodactyly, digital 
pitting scars, and pulmonary fibrosis. One major and two minor criteria are 
needed for diagnosis of SSc. 



KEY FACT 

l_ 


CREST syndrome describes a 
subgroup of patients with limited 
SSc who have Calcinosis, Raynaud's 
phenomenon. Esophageal 
dysmotility, Sclerodactyly, and 
Tef angiectasias. 


Treatment 

No treatment has been shown to be definitively successful in the treatment of 
scleroderma* Calcium channel blockers are useful in treating Raynaud's phe¬ 
nomenon. Pulmonary hypertension is treated with calcium channel blockers 
and anticoagulants; in cases of severe pulmonary hypertension, cpoprostcnol 
{synthetic prostacyclin) and bosentan (an endothclin receptor antagonist) arc 
used. There is no effective therapy for skin involvement in SSc. 
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FIGURE 5-54* Scleroderma, Clinical appearance of a patient with scleroderma, display¬ 
ing typical sclerosis and focal digital ulcers, ( Reproduced, with permission, from Kasper D1,, 
Bnuinwald E. Fauci AS, Hauser SL bongo DL, Jameson JL, Harrison a Principles of Internal 
Medicine, 16lh ed. New York: McGraw-Hill. 2005: >17.) 


Prognosis 

The major cause of mortality and morbidity is involvement of internal organ 
systems, particularly the kidneys and 1 rings. Though the average survival time 
loll owing diagnosis is 12 years, this prognosis is strongly affected by the disease 
subtype. The limited cutaneous form has a much better prognosis than the 
diffuse cutaneous type. Specifically, renal failure and pulmonary hypertension 
are the two most common causes of death, 

Sjogren's Syndrome 

A systemic disease most frequently manifested by dry mouth (xerostomia), 
dry eyes (xerophthalmia), and enlargement of the parotid glands (sec Fig¬ 
ure >-3>h resulting from lymphocytic infiltration of tlie.se exocrine glands, 
II affects predominantly middle-aged women, with a 9:1 femalennale ratio. 
Pali cuts arc at a 44-fold greater risk of developing non-Hodgkin's 13-eel I lym¬ 
phomas than are age-matched controls. 

PRESENTATION 

The majority of patients complain of dry or painful eyes* also known as 
xerophthalmia or keratoconjunctivitis sicca (KCS), in addilion to xerostomia, 
and enlargement of the parotid gland. These symptoms are known collectively 
as sicca (dryness) syndrome. 



figure 5-35. Sjogren's syndrome. Clinical appearance of the enlargement of the parotid 
gland in Sjogrens syndrome. Image courtesy of PEIR Digital Library [http://peir.netl.) 








Diagnosis 

The criteria proposed to diagnose Sjogren*s syndrome include dry eyes or 
KCS. Abnormal serologies include positive RF, positive A\A, and/or positive 
anti-SSA or anti-SS-B. 

Treatment 

Symptomatic* Artificial tears and saliva preparations can be used to relieve 
drvness. Cholinergic drugs (he,, pilocarpine} can increase exocrine secre¬ 
tion, The complications of xerostomia are best prevented bv good dental care. 
Severe cxtraglanduiar disease nun require high-close systemic corticosteroids. 

Prognosis 

Typically very good. Patients have a normal life expectancy. In patients who 
have associated disorders, the prognosis generally depends on those diseases, 

Goodpasture's Syndrome 

Goodpasture's syndrome is an autoimmune disorder oi unknown etiology, 
characterized by the triad of diffuse pulmonary hemorrhage, glomerulone¬ 
phritis (see Figure 5-^fi), and anti-glomerular basement membrane (anti* 
CBM) antibodies, AntUGBM antibodies arc specifically targeted against type 
IV collagen, which comprises most of the basement membrane. The disease 
is associated with HLA-DR2; there is a male predominance. 

Presentation 

Most patients present with hemoptysis, cough, and dyspnea. Fever, chills, nau¬ 
sea, and vomiting are also often present. Renal symptoms may rapidly progress 
to include azotemia and volume overload. Generally, the disease presents a 
medical emergency in young men and elderly women. 

Diagnosis 

Diagnosed by demonstrating circulating anli-GBM antibodies based on sus¬ 
picion raised by Ibe clinical picture, A lung or renal biopsy may be needed to 
demonstrate the presence of anti-CRM antibodies in the tissues. 



FIGURE S-S6. Goodpasture's syndrome. Gross anatomic appearance of .1 kidney in 
Goodpasture's syndrome, showing obvious hemorrhagic glomeruli. (Imagecourtesy of PI IK 
Digital Libia iv jliitp,7/peir,nct|d 








Treatment 

Aggressive treatment For Goodpasture's syndrome includes corticosteroids, 
cyclophosphamide, and plasmapheresis in order to remove the circulating 
anli-GBM antibodies. Patients in acute renal failure may require dialysis. 

Prognosis 

Presents a medical emergency and the prognosis depends on the progression 
of the disease. Currently, the 5-year survival rates are about 80%. However, 
most patients that do survive develop end-stage renal disease, with approxi¬ 
mately 30% requiring long-term dialysis. 

Giant Cell Arteritis 

Giant cell arteritis (GCA), also known as temporal arteritis, it is primarily a 
large-vessel vasculitis, characterized by granulomatous inflammation of the 
internal elastic lamina. It typically affects the temporal artery, but can involve 
any of the large branches of the carotids, as well as arteries originating from 
the aorta. Clinically, it is characterized by temporal tenderness, jaw claudica¬ 
tion, proximal muscle pain and stiffness, and occasional ocular changes (see 
Figure 5-37). 

Presentation 

Patients usually complain of headaches, typically with scalp tenderness, vision 
disturbances, jaw claudication, and constitutional symptoms. The disease 
affects older individuals (rarely less than < 50 years of age). The incidence 
increases with age, with GCA being almost 10 times more common among 
patients in (heir 80s than those in their 50s. 11 is predominantly reported in 
white women (fcmalemiale ratio of 2:1) of Northern European descent. 

Diagnosis 

The vast majority of patients present with an LSR > 50 mm/li, making it the 
most useful laboratory test. The diagnosis is usually based on clinical suspi¬ 
cion and other imaging modalities. Definitive diagnosis requires positive find¬ 
ings on temporal artery biopsy. These typically include the fragmentation of 
the intima with mononuclear and giant cell infiltrates. Importantly, however, 
the arteritis may be segmental, so a negative biopsy does not exclude the 
diagnosis. 

Treatment 

1 ligb-dose prednisone remains the cornerstone of therapy. Treatment usually 
continues for 6 months and often low-dose prednisone is required for years. 



figure 5-37. Temporal (giant cell) arteritis. Clink-.il appearance of the temporal artery 
in a patient affected by CCA.(Image courtesy of 1’EIK Digital Library [http://pcir.netj.) 








Angioplasty is sometimes used in patients not responding adequately to steroid 
therapy, or those that cannot tolerate it due to side effects. 

Prognosis 

The most dreaded complication and a major source of morbidity is loss of 
vision. It occurs in up to 15% of the patients and mostly is due to ischemic 
optic neuritis* The risk of death appears to be increased within the firs! 4 
months of starting therapy* and is mainly due io vascular complications such 
as stroke or myocardial infraction. 

Polyarteritis Nodosa 

Polyarteritis nodosa (PAN) is characterized by inflammation of small and 
medium medium-sized arteries, and it typically affects the vessels of skin, 
peripheral nerves, kidneys, joints, and the GI tract, f listologically, the findings 
involve a transmural necrotizing inflammation of small- and medium-sized 
arteries, which can lead to arterial wall weakening and aneurysm formation, 
causing ischemic changes. 

Presentation 

PAN is a rare disorder that primarily affects individuals 40-60 years of age* It is 
more common in males, with a malc:fcmalc ratio of 2:1 > Key clinical features 
suggestive of PAN include skin lesions (palpable purpura, tender nodular 
lesions, livedo reticularis, and infarcts of the fingertips), peripheral neuropa¬ 
thy and hypertension with renal sediment abnormalities, and constitutional 
symptoms. GI involvement due to mesenteric arteritis is seen in 30% of the 
patients* In males, orchitis is a relatively common symptom* 

Diagnosis 

Elevated ESR f normocytic anemia, and decreased complement arc usually 
present* Hepatitis B surface antigen is present in 10%~5G% of the cases. By 
definition, anti neutrophil cytoplasmic antibodies (ANCA) are absent in PAN, 
The scoring system used for diagnosis incorporates the presence ot symptoms 
including weight loss, livedo reticularis, myalgias, testicular tenderness, neu¬ 
ropathies, hypertension, and BUN elevation* Definitive diagnosis requires 
obtaining a biopsy from accessible tissue* The pathologic feature defining 
classic PAN is a focal segmental necrotizing vasculitis of medium-sized and 
small arteries (see Figure 5-38). 



figure s- 38 . Polyarteritis nodosa* L listulogical appearance (l I&E slain) of a hpical 
acute lesion of PAN in a medium-sized artery. (Image courtesy of PEI R Digital Library [http:// 
pdr.net].) 
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Treatment 

[ ligh-dose corticosteroids remain the standard of care. Cytotoxic medications, 
such as cyclophosphamide, are added to corticosteroids in patients with major 
organ involvement. 

Prognosis 

Outcome depends on the presence and extent of visceral and CNS involve¬ 
ment. Most deaths occur within I lie first year, usually as a result of uncon¬ 
trolled vasculitis, delay in diagnosis, or complications of treatment. Left 
untreated, it has a 3-month mortality rate approaching 50%. However, corti¬ 
costeroid therapy drastically improves the prognosis, raising the 5-year survival 
rate to about 50% with a single agent, and to 70% with multiple agents. 

Buerger's Disease 

This is a vasculopathv of small- and medium-sized arteries, characterized by 
segmental vascular inflammation anti the absence of atheromas. Buerger's 
disease, also known as thromboangiitis obliterans I l AO), is most notable for 
the fad that it is strongly associated with heavy tobacco smoking. It typically 
affects the extremities. Most people affected are 20-45 years of age, and gen¬ 
erally male, but this gender discrepancy is thought to be due to the higher 
prevalence of smoking among males. 

Presentation 

Usually presents in younger patients who smoke with distal extremity isch¬ 
emia. claudication, and pain at rest (see Figure 5-39), Persistent ischemic 
ulcers nl the digits and Raynaud’s phenomenon are also commonlv present. 

Diagnosis 

There is no specific laboratory or definitive histologic findings to establish the 
diagnosis, which is usually based on clinical findings. A scoring system is typi¬ 
cally used, which considers the age of the patient (< 45), claudication, super¬ 
ficial vein thrombosis, and Raynaud’s phenomenon. To confirm the diagno¬ 
sis, conditions that mimic TAC) must he excluded, the most important among 
them being atherosclerosis, emboli, autoimmune diseases, hypercoagiliable 
slates, and diabetes. 



FIGURE 5-39. Buerger's disease. Clinical appearance of tile feet in a patient « illi Buerg¬ 
er's disease, displaying gangrene and loc amputation, i Image court ess of PI'UR Digital Library 
| http://peir.uct].) ' 
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Treatment 

The only proven treatment for Buerger's disease is the complete discontinu¬ 
ation of tobacco use, which has been shown to prevent disease progression. 
Treatment of local ischemic ulceration can be attempted with a trial of cal¬ 
cium channel blockers. Limb amputation is sometimes necessary. 

Prognosis 

There is a stark difference in prognosis for those patients who completely 
discontinue tobacco use and those who do not. More than 94% ot patients 
who quit smoking avoid amputation, whereas among those that do not, 8-year 
amputation rate approaches 44%. Of note, even when amputations arc not 
required, claudication and Raynaud's phenomenon often remain present. 

Takayasu's Arteritis 

Takayasifs arteritis (TA), or pulseless disease, is a granulomatous inflamma¬ 
tory vasculitis of large arteries, specifically the aorta and its branches. Us mor¬ 
tality and morbidity arise from the fact that the inflammatory process causes 
aneurysm formation, stenosis, and thrombosis of large arteries, leading to isch¬ 
emic changes, such as stroke, 'll As, visual disturbances, and chest and abdom¬ 
inal pain. 

Presentation 

Patients arc typically voung women, ranging in age tram their teens to thir¬ 
ties. The disease is particularly common in Asian populations. The present¬ 
ing symptoms arc usually constitutional (malaise, fcvcr t and weigh) loss), and 
diagnosis is often much delayed. Not uncommonly, the diagnosis is made 
when a mediastinal mass suspected to be a tumor turns mil In he an aortic 
aneurysm. Up to 10% present without symptoms —the incidental finding of 
unequal pulses or BPs, bruits, or hypertension prompts fiirilier evaluation. 

Diagnosis 

There are no specific markers for TA. An important diagnostic clinical sign is 
a BP differential of more than 40 mmHg between the two arms, in addition to 
asymmetric pulses (despite the synonym for the disease), as well as abdominal 
bruits and retinal hemorrhages. Arteriography and MRA arc imaging modali¬ 
ties commonly used for diagnosing TA. The lesions of TA are most often 
long-segment stenosis or arterial occlusions of the aorta and visceral vessels at 
their aortic origin. Due to the involvement of large arteries, biopsies are not 
performed. 

Treatment 

The main treatment for TA is high-dose systemic steroid therapy. Methotrex¬ 
ate and cyclophosphamide arc used in patients who do not respond to steroid 
therapy, or as steroid-sparing agents. 

Prognosis 

Given the chronic rclapsing-remitting nature of TA, patients require long peri¬ 
ods of Steroid treatment, which carry significant risks and side effects. While 
the overall 15-ycar survival rate is reported to be as high as 9(1%, the morbidity 
and mortality depends on the degree of vasc ular and organ damage, including 
aneurysm formation, aortic insufficiency, hypertension, and vision changes. 
Sudden death occurs as a result of myocardial infarction, stroke, or aneurys¬ 
mal rupture. 
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Wegener's Granulomatosis 

Wegener's granulomatosis (WG) is a systemic vasculitis characterized by gran¬ 
uloma lain involvement of predominantly small-sized vessels and necrosis of 
the upper and lower respiratory tracts, extra vascular granulomatous inflam¬ 
mation. glomerulonephritis, and variable involvement of other organ systems. 
Granulomatous necrosis may cause tissue destruction, leading to saddle-nose 
deformity, septal perforation, otitis media, mucosal ulcerations, strawberry 
gums (i.e., red, inflamed gums), cough, hemoptysis, and dyspnea. Renal 
involvement is usually asymptomatic until advanced uremia develops—a very' 
poor prognostic sign. 

PRESENTATION 

WG affects patients of all ages, both sexes, and all races, although it is some¬ 
what more common in Caucasians. Patients usually present with constitu¬ 
tional symptoms, chronic sinusitis, epislaxis, mucosal ulcerations, oral ulcers, 
and occasionally chronic otitis media. Care must be taken, as the initial pre¬ 
sentation is often misinterpreted as allergic or infectious in origin. 

Pulmonary manifestations range from completely asymptomatic patients to 
chronic cough with alveolar hemorrhage and pneumonitis. Renal disease is 
present in approximately 1 5%. of patients initially, and ultimately affects 50%. 

Diagnosis 

In addition to clinical findings, diagnosis of WG is established by demonstrat¬ 
ing the presence of c-ANCA and anti-proteinase 3 antibodies (98% specificity). 
In addition, biopsy results are positive for small-vessel vasculitis, focal necrosis, 
and granuloma I ous changes. 

Treatment 

The mainstay of treatment is immunosuppression with high-dosc systemic 
steroids and cyclophosphamide. Additional treatments include methotrexate 
and trimethoprim-sulfamethoxazole (TMP-SMX) for maintenance therapy 
to prevent relapse. IV immunoglobulins and plasmapheresis have been used 
in patients refractory to immunosuppressive therapy and in those with rapidly 
progressive glomerulonephritis. 

Prognosis 

When left untreated, WG is a rapidly fatal disease. Mortality is usually caused 
by renal failure and pulmonary complications, typically within approximately 
5 months. However, aggressive immunosuppressive therapy leads to improve¬ 
ment in more than 90% of patients, with about 75% achieving remission. 
However, due to its relapsing nature, WG still carries an associated 20% mor¬ 
tality rate. 

Kawasaki's Disease 

A febrile vasculitis of childhood characterized by fever, rash, conjunctivitis, 
adenopathy, mucocutaneous symptoms, and most notably, coronary artcrv 
aneurysms. While its etiology remains unknown, it is likely due to a combina¬ 
tion of infectious and autoimmune causes. It is now considered the most com¬ 
mon cause of acquired cardiac disease in young children. 

Presentation 

Diagnosis of Kawasaki's disease (KD) is challenging due to its nonspecific and 
general presentation. It is a disease of young children with a peak incidence at 
9-1 2 months of age. Children < 2 y ears of age typically present with sudden- 
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onset fever that is unresponsive to antibiotics, and they are often found to be 
disproportionately irritable. Presenting signs also include erythema, desqua¬ 
mation and edema of the extremities, conjunctivitis, rash, lymphadcnopathy, 
strawberry tongue, and swollen, fissured lips (see Figure 5-40), KD is more 
common in the Japanese population, and slightly more prevalent in males. 

Diagnosis 

Criteria for the diagnosis of KD include: 

Prolonged high-grade fever. 

Conjunctivitis, 

Cracking and fissuring of lips with inflammation of mucosal membranes 
(strawberry tongue). 

Cervical lyinphadenopalhv. 

Rash involving the trunk and extremities. 

Erythema of I lie hands and feet, progressing to desquamation. 

To meet the diagnosis, four of the above criteria, or five with echocardio- 
graphie evidence of coronary artery dilatation, must be present. 

Treatment 

Treat men I of KD is aimed at the prevention of cardiac sequelae. IV immu¬ 
noglobulins and high-close aspirin arc used as anti-inflammatory agents. Anti- 
coagulation with dipyridamole is also considered. For those patients who do 
develop coronary artery complications, surgical stenting, bypass, and even 
heart transplantation may he necessary. 

Prognosis 

While acute KD is self-limiting, the main source of long-term morbidity and 
mortality is the development of cardiac complications. These include inyo- 



FIGURE 5 * 40 . Kawasaki's disease. Ymmg palicnl presenting with cherry-retl lips with 
hemorrhagic fissures, ns well .is erythema and cdcm;i of 'the fingertips, (Rcprmliuxul, will i per¬ 
mission. From Wolff k, jolimmi RA. Siiurtnontl D, hllzjHttrick's Color Atlas C Synopsis of Clini¬ 
cal Dermatology, 5lfi eel. New York: McGraw-Hill, 2tH)>: 42>J 












carditis, pericarditis, congestive heart failure, and aortic insufficiency. Twenty 
percent of all patients develop coronary artery aneurysms, with a peak inci¬ 
dence in l lie first 1-2 weeks of illness. Treatment results in significantly better 
outcomes. 

Henoch-Sthonlem Purpura 

A vasculitis affecting small vessels that is characterized clinical!) by palpable 
purpura, colicky abdominal pain, arthritis, and hematuria. While its exact eti¬ 
ology is unknown, histologically it is caused by IgA* to, and immune com¬ 
plex deposition in arterioles, venules, and capillaries. HcnocIvSchonlein 
purpura (HSP) is a multi-system disease, and tends to involve skin, connec¬ 
tive tissues, joints, kidneys, the Cl Intel, and the scrotum. Importantly, MSP 
ant! IgA nephropathv are related disorders, with the key difference being that 
IgA nephropathy generally only involves the kidneys and affects young adults 
almost exclusively. 

Presentation 

Patients with MSP typically present in the spring, fall, or winter. The median 
age of presentation is 4 years, and the nialeifemale ratio is about 1.5:1, Close 
to 50% have a history of preceding upper respiratory tract infection. Liven 
when it is not evident on presentation, almost all patients with MSP develop 
rash and palpable purpura, especially on the lower extremities. Palpable pur¬ 
pura refers to the larger, raised areas of bruising, resulting from extravasation 
of RBCs outside of vessels, usually indicative of lowered or non-functional 
platelets. Renal involvement is usually mild. There may he testicular swelling, 
as well as a history of bloody stools. 

Diagnosis 

1 ISP is a clinical diagnosis, as most laboratory values tend to be within normal 
ranges. Renal tests and urinalvsis tna\ be abnormal ii the kidneys arc involved. 

Treatment 

Treatment is mainly conservative and symptomatic. NSAIDs arc used to 
relieve joint pain. Even though it docs not result in increased purpura, cau¬ 
tion must be used in patients with affected kidney function. While no data 
exist to support their effectiveness, corticosteroids are sometimes used. 

Prognosis 

Most (97%) children have a self-limited course, lasting 1-2 weeks. However, 
approximately 20 % will have a recurrence during the first year. A small per¬ 
centage of patients will have persistent purpura, with or without renal involve¬ 
ment, I .css than 1% of all cases progress to end-stage renal disease. 



Pharmacology 

m\m 
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DRUGS USED TO TREAT DISORDERS OF BONE 


Bisphosphonates (Risedronate, Alendronate, Clodranate, Etidronate, 
Pamidronate, Tiludronate, Zoledronate) 

Mechanism 

Rind to bone, inhibit osteoclast-media led bone resorption, and also indirectly 
stimulate osteoblast activity. 
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Uses 

Osteoporosis, Pagcts disease, hypercalcemia, metastatic bone disease. 

Side Effects 

Cl disturbances, bone pain, peptic ulcers. Alendronate has been known to 
cause esophagitis. 

Selective Estrogen Receptor Modulators (SERMs) (Raloxifene, Tamoxifen) 
Mechanism 

Activates estrogen receptors in bone and the cardiovascular system, but has 
antagonist activity on estrogen receptors in mam man' tissue or the uterus. 
SKRMs also inhibit cytokines, recruit osteoclasts, and block ITU's bone- 
resorbing, calcium-mobilizing action. 

Uses 

Bone integrity maintenance, osteoporosis prevention, breast cancer. 

Side Effects 

Hoi Hashes, postmenopausal vasomotor symptoms, flushing, and increased 
risk of deep vein thrombosis and pulmonary embolism —tamoxifen is con¬ 
traindicated where there is history of either. Tamoxifen may increase the risk 
of endometrial carcinoma via partial agonist effects. 


Calcitonin 

Mechanism 

Inhibits bone resorption. Calcitonin binds to receptors tm osteoclasts and 
inhibits their action. In the kidney, calcitonin decreases the resorption of both 
calcium and phosphate in the proximal tubules. 

Uses 

Hypercalcemia, neoplasia, Paget's disease, postmenopausal osteoporosis, corti¬ 
costeroid-induced osteoporosis. 




MNEMONIC 


Calcitonin tones down serum calcium 
levels by inhibiting osteoclast action 
and calcium phosphate iesorption. 


Side Effects 

Nausea, vomiting, tingling sensation in I lie hands, unpleasant taste in the 
mouth. 


Parathyroid Hormone 
Mechanism 

Stimulates Ca-^ absorption in renal distal convoluted tubules and the release 
of calcium from bone. 


Uses 

Osteoarthritis 

Side Effects 

Nausea, headache, dizziness, hypercalcemia, leg cramps. 






Etanercept, Infliximab 
Mechanism 

Block inflammatory cytokine tumor necrosis faetor-a; (TNF-a) signaling, 

Uses 

RA, psoriasis, ankylosing spondylitis, osteoarthritis. 

Side Effects 

Infection and development of lymphoproliferative diseases. 

Cyclooxygenase-2 Inhibitors (Celecoxib, Valdecoxib, Rofecoxib) 

Mechanism 

Selectively inhibits cyclooxygcnase-2 (COX-2) found in inflammatory cells, 
COX-2 inhibitors spare COX-1, which helps maintain the gastric mucosa and 
avoids the corrosive effects of nonspecific NSAlDs on the GI lining (see Fig¬ 
ure 5-41), 

Uses 

Analgesic effects for headache, dysmenorrhea, backache, and bony metasta- 
ses. COX-2 inhibitors are also used for anti-inflammatory effects in chronic or 
acute inflammatory conditions such as RA and related connective tissue disor¬ 
ders, gout, and soft tissue diseases. 

Side Effects 

Small but potentially clinically relevant cardiovascular damage, 
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DRUGS USED TO TREAT GOUT 


Colchicine 

Mechanism 

Prevents neutrophil and leukocyte migration into the joint by binding to tubu¬ 
lin, depolymerizes microtubules, and interferes with motility and degranula- 
tion (see Figure 5-42). 


Uses 

Prevention and relief of acute gout attack. 


Side Effects 

Cl disturbances, nausea, vomiting, and abdominal pain. Severe diarrhea may 
be a problem with large doses, and may be associated with G1 hemorrhage 
and kidney damage. Since indomethacin is less toxic, it is more commonly 
used. 

Allopurinol 

Mechanism 

Reduces the synthesis of uric acid by inhibiting ,\au thine oxidase. It is the drug 
of choice in chronic gout and is ineffective in the treatment of acute gout. 

Uses 

Long-term treatment of gout. 


CLINICAL 

CORHtiATION 


Allopurinol is also used in lymphoma 
and leukemia to prevent tumor lysis 
syndrome and is associated with 
urate neuropathy. 


Side Effects 

GI disturbances and allergic skin reactions. 


Diet 


Purines *-Nucleic adds 

l 

Hypoxanthine 

Xanthine 
j oxidase 

Xanthine 

Xanthine 
,, oxidase 


Allopurinol 


Plasma 
uric add 



Urate crystals 
deposited 
in joints 


© 

Probenecid and 
high-dose salicylates 

© 

Diuretics and 
low*dose salicylates 


Urine 


-Gout 


Tubular 
re absorption 

Tubular 

secretion 


FIGURE 5 - 4 2 . Pharmacologic interventions in gout. 













Probenecid 




MNEMONIC 


Probenecid promotes plasma penicillin 
levels. 


Mechanism 

Inhibits the absorption of uric acid in the proximal convoluted tubule and 
increases uric acid excretion. Probenecid has the opposite effect on penicillin 
secretion and ultimately increases penicillin plasma levels. 

Uses 

Chronic gout. 


Side Effects 

Dyspepsia and peptic ulceration. Hypersensitivity reactions occur occasionally 
as skin rashes. Drug-induced nephritic syndrome has been reported. 


DRUGS USED TO TREAT LUPUS 


Corticosteroids 

Mechanism 

Enters the nucleus as a steroid-receptor complex to affect protein synthesis. 
Corticosteroids inhibit production of inflammatory cytokines and relieve 
mucosal inflammation of asthmatic airways. Corticosteroids reduce bron¬ 
chial reactivity, increase airway caliber, and reduce the frequency of asthma 
exacerbations. 

Uses 

Reduction of lupus flare-ups. 

Side Effects 

Puffy face, sleeping difficulties, obesity, diabetes, and osteoporosis. 

Cyclophosphamide 

Mechanism 

Cross-links DNA and prevents cell replication after the liver metabolizes 
cyclophosphamide into phosporamide mustard. Cyclophosphamide inhibits 
T- and H-eell function. 

Uses 

Systemic lupus erythematosus, RA. 

S/de Effects 

Ovarian failure, infertility, bone marrow- suppression, hemorrhagic cystitis. 


DRUGS USED TO TREAT PAIN 


Opioids 

Mechanism 

Facilitates opening of potassium channels, causing hypcTpolarizalion, inhibit¬ 
ing opening of calcium channels and transmitter release. There are three dif¬ 
ferent types of opioid receptors: |4 (morphine), 8 (enkephalin), and k (dynor- 
phin). All opioid receptors arc linked through G proteins and inhibition of 
adenylate cyclase. 
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Uses 

Pain, cough suppression (dextromethorphan), diarrhea (loperamide and 
diphenoxylate), acute pulmonary edema, and as maintenance for addicts 
(methadone). 

Side Effects 

Sedation, respiratory depression, constipation, nausea, miosis (pinpoint 
pupils), additive CNS depression with other drugs. Opioid antagonists such as 
naloxone and naltrexone can he given for overdose, as these drugs have little 
effect on their own but block the effects of opioids. 0-> is contraindicated in 
morphine overdose, as it might contribute to respiratory Failure. 

Aspirin 

Mechanism 

Acetylates and irreversibly inhibits cyclooxygenase (both COX-1 and COX* 
2} to prevent conversion of araehidonie acid to prostaglandins. Aspirin may 
increase bleeding hut has no effect on PT or FIT. 

Uses 

Antipyretic, analgesic, anti-inflammatory, antiplatelet activity, OA, and 
rheumatism. 

Side Effects 

Gastric ulceration, bleeding, hyperventilation, Rcyc’s syndrome, tinnitus. 

Nonsteroidal Anti-Inflammatory Drugs (tbuprofen, Indomethacin, 
Ketorolac) 

Mechanism 

Reversibly inhibits araehidonie acid and cyclooxygenase (COX-1 and COX- 
21 and inhibits production of prostaglandins and thromboxanes. COX-1 is a 
constitutive enzyme expressed in most tissues, including platelets. COX-2 is 
induced in inflammatory cells upon activation. NSAIDs increase bleeding 
time, but have no effect on PT or FIT. 

Uses 

Anti-inflammatory, analgesic, antipyretic, and antiplatelet effects, fndometha- 
cin is used to close PDAs. 

Side Effects 

Renal damage, aplastic anemia. G! distress, ulcers. 

Cydooxygensase-2 Inhibitors (Celecoxib, Valdecoxib) 

Mechanism 

Selectively inhibits COX-2 and spares COX-1, which helps maintain the gas¬ 
tric mucosa. Thus, COX-2 inhibitors should not have the corrosive effects on 
the Cl lining that COX-1 inhibitors have. 


Uses 

Rheumatoid and OA. 
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Side Effects 

Similar lo those of other NSAIDs; may have less toxicity to the GI mucosa 
(i.e. t lower incidence of ulcers and bleeding). Some studies show an increased 
risk for cardiovascular problems among certain types of patients. 

Acetaminophen 

Mechanism 

Reversibly inhibits cyclooxygenase, mostly in the CNS, and is peripherally 
inactivated. 

Uses 

Antipyretic and analgesic, hi it lacking anti-inflammatory properties. 

Side Effects 

Hepatic necrosis because acetaminophen's metabolite depletes glutathione in 
(lie liver. Liver damage can be prevented if N-acetylcystcinc or methionine is 
given in time, as they regenerate glutathione. 



Key Terms 


Buster 

Common Term Used for Vesicle or Bulla 

Bulla 

Fluid-filled raised lesion greater than 5 mm across. 

Excoriation 

Traumatic lesion characterized by breakage of the epidermis, causing a raw 
linear area (Ke., a deep scratch); often self-induced. 

Macule 

Circumscribed lesion up to 5 mm in diameter characterized by flatness and 
usually distinguished from surrounding skin by its coloration. 

Nodule 

Elevated lesion with spherical contour > 5 mm across. 

Plaque: Elevated flat-topped lesion, usually > 5 mm across (may be 
caused by coalescent papules). 

Osteoblastic 

Metastatic tumors to bone that are associated with new bone formation 

(as in prostate cancer). 

Osteoid 

Newly formed, uncalcified bone matrix synthesized by neoplastic cells. 

Osteolytic 

Metastatic tumors to bone that ate associated with bone destiuction (as in 
breast cancer). 


Papule Elevated dome-shaped or flat-topped lesion < 5 mm across. 

Pustule Discrete, pus-filled, raised lesion. 

Scale Dry, horny, plate-like excrescence; usually the result of imperfect 

cornification. 

Vesicle Fluid-filled raised lesion < 5 mm across. 
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CONGENITAL DISEASES 


Achondroplasia 

An inherited disorder characterized by impaired maturation of cartilage in 
the developing growth plate. There is a mutation in FGFR3 causing the gene 
to be permanently activated, which inhibits cartilage growth, it is the major 
cause of dwarfism (abnormally short stature with underdeveloped limbs). 
Common presentation of heterozygotes includes shortening of extremities, 
bowing of legs, and lordotic posture (an excessive inward curvature of the 
spine}. 

Osteogenesis Imperfecta 

A spectrum of disorders with varying severity united by a common feature of 
abnormal collagen {type !) synthesis and resultant bone fragility (brittle bone 
disease). It is characterized by multiple bone fractures, but can also affect 
teeth, hearing, and eyes {blue selerae). 

Osteopetrosis (Marble Bone Disease) 

A group of uncommon hereditary disorders caused by deficient osteoclastic 
activity. There is abnormal thickening of the bones which fracture easily, 
causes a shrunken medullary cavity (anemia and increased susceptibility to 
infections), and cranial nerve palsies (if the bone compresses nerves). 


NUTRITIONAL DEFICIENCY 


Scurvy 

Vitamin C deficiency leading lo bone disease in growing children and lo 
hemorrhages and healing defects in both children and adults. 

Rickets (Children)/Osteoma!acia (Adults) 

Vitamin D deficiency leading to hypocalcemia and activation of PTH. This 
causes loss of bone mass in adults (osteopenia) and bowing of the legs in 
children. 


OSTEOARTHRITIS 


Also termed degenerative joint disorder (DJD), this is the most common disor¬ 
der of the joint and is characterized by degeneration of the articular cartilage. 
Articular cartilage functions to reduce friction at llie joints and evenly distrib¬ 
ute weight across the joint surface in weight-bearing bones. It is composed of 
type 11 collagen and proteoglycans (decreased in DJI")}, and is maintained by 
chondrocytes (decreased in DJD), It usually has a slow onset, presents after 
age 50, affects the weight-bearing joints and bands, and has the common com¬ 
plaints of joint stiffness, swelling, and pain. 

Fibrillation: Early changes in DJD include enlargement and disorganiza¬ 
tion of chondrocytes at the surface of the articular cartilage, accompanied 
by matrix changes resulting in fibrillation (splitting). 

Eburnation: The fissures begin to extend through the full thickness of car¬ 
tilage, the cartilage becomes completely eroded, and the underlying bone 
becomes thickened and polished to an ivory-like consistency (eburnation). 
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Joint mice: Dislodged bone and cartilage fragments floating in the joint 
cavity. 

Subchondral cyst: Synovial fluid leaks through residual cartilage and 
underlying bone to form cysts within the bone* 

Osteophyte: Hone proliferation at the margins of the joints produces bony 
excrescences (osteophytes), 

Hcherden’s node: Small osteophytes on the distal tnlerplialangeal (DIP) 
joints are most often encountered in women with primary OA. 


RHEUMATOID ARTHRITIS 


RA is a systemic, chronic inflauunuton disease affecting multiple tissues but 
principally attacking the joints. The arthritis typically presents as a symmet¬ 
ric arthritis, mainly affecting the small joints (excluding the DIP joints), rna\ 
he accompanied by constitutional symptoms, and causes joint pain and stiff¬ 
ness that is worse in the morning. The joint inflammation is immunologicallv 
mediated; however, the initiating antigen is not known. 

Rheumatoid factor (RF): Circulating IgA I autoanlibodies directed against 
the Fc portion of IgG, present in S0% of patients. RF and IgC form 
immune complexes that fix complement, attract neutrophils, and lead to 
tissue injury by a type III hypersensitivity reaction* 

Synovitis: Affected joints are characterized by synovial cell hyperplasia; 
perivascular infiltrates of CD4 T cells, plasma cells, and macrophages; 
angiogenesis; organizing fibrin on the synovial surface in the joint space; 
and increased osteoclast activity. 

Pamnis: Focal ulceration of the synovial membrane with proliferation of 
tissue composed of synovial and inflammatory cells and granulation and 
fibrous connective tissue that damages the underlying articular cartilage. 
Rheumatoid subcutaneous nodule: Firm, nontender masses up W> 2 cm 
in diameter that occur along the extensor surface of the forearm or other 
areas subjected to pressure. They have a central focus of fibrinoid necrosis 
surrounded by a palisade ol macrophages, which is rimmed In granulation 
tissue. 

Juvenile Rheumatoid Arthritis (JRA) 

A group of disorders that cause chrome, idiopathic arthritis in children. RF 
is usually absent as arc rheumatoid nodules. Some variants involve rela¬ 
tively few larger joints such as knees, elbows, and ankles, and are thus called 
pauciarticular. 


OSTEOPOROSIS 


A group of skeletal disorders characterized by low bone mass/dcnsily; and 
micro-architcetural deterioration with a subsequent increase in bone fragil¬ 
ity and fractures. It is caused by an imbalance between bone formation and 
resorption, with osteoclasts winning out. 1 tie most common forms arc post¬ 
menopausal (estrogen deficiency) and senile osteoporosis. It appears that it is 
caused by deregulation of the RANK-RAN K ligand-0PC pathway. 

RANK: The differentiation of macrophages into osteoclasts requires that 
RANK ligand (found on the surface of stromal cells or osteoblasts) binds lo 
the RANK receptor on macrophages. Activation of this receptor is a major 
stimulus in hone resorption RANK sensitivity is blunted by estrogens. 
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Ostcoprotegerin (OPG): T his is a '"decoy receptor’’ produced by stromal 
cells and osteoblasts that binds RANK ligand without stimulating the for¬ 
mation of osteoclasts. In this way, it regulates the pathway. Production of 
OPG is stimulated by estrogens. 

"■ Trabecular bone: The hallmark of osteoporosis is loss of bone, which is 
most obvious in parts of the skeleton containing abundant trabecular bone 
(vertebrae and femoral heads). The bony trabeculae arc thinner and more 
widely separated, which cause increased Fragility. The haversian canals are 
also found to be widened. 

Dual-energy X-ray absorptiometry (DEXA): Reliable, early diagnosis of 
osleoporosis requires radiographic measurements of bone density by tech¬ 
niques such as DEXA. 

Bisphosphonate and selective estrogen receptor modulators (SlvRMs): 
New therapeutic treatment of osteoporosis includes bisphosphonates 
(which selectively decrease osteoclast-mediated bone resorption) and 
SERMs. which have effects similar to those of estrogen without the nega¬ 
tive side effects. 


PAGET'S DISEASE (OSTEITIS DEFORMANS) 


An episodic disease that results m skeletal deformity caused by an accumu¬ 
lation of excessive amounts of abnormal and unstable bone. The causative 
agent may be a slow paramyxovirus infection, which increases expression of 
the RANK receptor, ll affects inales more than females* rarely presents before 
age 40, affects spine, skull, and vertebrae most often, and can lead to osteo¬ 
genic sarcoma* Paget’s disease may present as a solitary lesion (monostotic) 
or may be multifocal (polyostotic). There arc Ihree morphologic phases in 
Paget’s disease: 

Primary' osteolytic phase: There is focal replacement of the marrow by 
loose, highly vascular connective tissue. Large osteoclasts line the bony 
trabeculae and destroy bone. 

Mixed phase: Osteoblastic proliferation is superimposed on osteoclastic 
activity leading to simultaneous bone destruction and formation. 
Osteosclerotic phase: Osteoblastic activity ceases but abnormal osteoblas¬ 
tic activity continues. The new bone lacks die lamellar architecture of nor¬ 
mal bone and is referred to as woven bone* 

Mosaic Pattern 

New heme formation occurs in an erratic pattern, with areas of new bone jux¬ 
taposed in a random mosaic pattern* a virtually pathognomonic finding of 
Paget's disease. 

Alkaline Phosphatase 

AP is elevated in patients with ibis disease, reflecting an increase in osteoblas¬ 
tic activity* 

Chaikstick Fracture 

Transverse fractures of the brittle, weight-bearing long bones have been lik¬ 
ened to breakage of chalk, hence fl ic term chaikstick fracture* 


POLYOSTOTIC FIBROUS OY5PLASIA 


Benign, tumor-like lesions that appear to be a developmental defect in bone 
formation in which the normal trabecular bone i*s replaced by proliferat- 
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ing fibrous tissue and disorderly islands of malformed bone. There are three 
forms: 

Monostotic fibrous dysplasia (70%); Involves a single bone, appears dur¬ 
ing adolescence, and becomes quiescent after bone growth is complete. It 
is usually asymptomatic. 

Polystotic fibrous dysplasia (35%): Involves multiple bones, presents at an 
earlier age, frequently has craniofacial involvement, and is more likely to 
have fractures and bone deformity than the monostotic form. 
McCune-AIbright syndrome (3 %): This is polystotic fibrous dysplasia with 
endocrine abnormalities characterized by unilateral bone lesions, cafe-au- 
la it spots, and precocious puberty. It more often affects females. 


POLYMYALGIA RHEUMATICA 


PMR presents with muscle pain and stiffness in the shoulders and hips, often 
accompanied by fever, malaise, weight loss, or anemia. There is no muscle 
weakness. More common in those over age 50. Laboratory exam shows an ele¬ 
vated LSR. Treatment is with steroids, though most cases resolve on their own 
over a period of years. 

Temporal arteritis. Occurs in half of patients with PMR. 


DERMATOMYOSITIS 


Autoimmune connective tissue disease causing inflammation of the muscles 
and skin. Presents with progressive proximal muscle weakness causing diffi¬ 
culty with rising from the seated position or raising the arms. Muscle weakness 
is accompanied by a characteristic dusky red skin rash. Laboratory examina¬ 
tion will show elevated CPK and aldolase. Muscle biopsy shows inflamma¬ 
tion. Muscle inflammation may affect the heart (detected by ECG). Treat¬ 
ment is with steroids. 

Polymyositis: Presents with the same symptoms as DM, without the skin 

rash. 

Malignancy: Maybe the presenting symptom of an occult cancer. 

Anti-Jo-1: Patients may have these autnantihodies. 


SliJGREN'S syndrome 


Immune disorder defined as a syndrome of dry eyes (xerophthalmia) and dry 
mouth (xerostomia) affecting Females over the age of 40, May also have fever, 
malaise, and develop dental cavities. Symptoms result from immune response 
against lacrimal and salivary glands. Diagnosed by salivary gland biopsy, 
Schirmcr test (tests tear production}, and presence of autoantibodies. Associ¬ 
ated with other autoimmune disorders such ns RA and SLR. 

B-cell lymphoma: At increased risk, 

SS-A and SS-B: Patients may have these autoantibodies* 


SYSTEMIC LUPUS ERYTHEMATOSUS 


SEE is an autoimmune multisystem disease Ihal principally affects the skin, 
kidneys, serosal membranes, joints, and heart. It is a disease of nuildFactorial 
origin, resulting in T- and B-ccll activation that culminates in the produc¬ 
tion of several species of autoanlibodies. It affects women more than men and 
black women more than anyone else. 
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Antinuclear antibodies {/VNA): Directed against several nuclear antigens 
and can be grouped into four categories: those against DNA, histones, 
nonhistone protein bound to RNA, and antibodies to nucleolar antigens. 
They are present in nearly all patients with SLE, but may also be found in 
other immune diseases. 

Smith antigen; Presence of antibodies to double-stranded DNA, or to the 
so-called Smith ($m) antigen, is virtually diagnostic of SLE. 

Lupus anticoagulant: Phospholipids are required for clotting and patients 
with antiphospholipid antibodies may display prolongation of in vitro clot¬ 
ting tests such as the PT time; therefore, these antibodies are referred to as 
lupus anticoagulants. 

Antiphospholipid antibody syndrome: Refers to the fact that SLE patients 
are actually in a prothromhotic state despite the prolonged PL time. They 
tend to have venous and arterial thromboses, thrombocytopenia, and 
recurrent spontaneous miscarriages, 

LE cell: Phagocytic cell that has engulfed the denatured nucleus of 
another injured ceil. When blood is withdrawn and agitated, a number of 
VVBCs are damaged to expose their nuclei to AN As, with secondary com¬ 
plement activation; these nuclei are then phagoevtized. This “LE test” is 
present in 70% of SLE patients, hut is no longer used. 

Acute necrotizing vasculitis: Characterized by necrosis and by fibrin¬ 
oid deposits within vessel walls containing antibody, DNA. complement, 
and Fibrinogen, In chronic stales, this can lead to thickening and luminal 
narrowing. 

Photosensitivity: The skin is involved in the majority of patients and clas¬ 
sically manifests as a characteristic erythematous or maculopapular rash 
over the malar eminences and bridge of the nose (butterfly pattern), Expo¬ 
sure to sunlight makes the rash worse and causes development of a new 
rash over other exposed areas, 

Libtnan-Sacks endocarditis: Valvular, nonbacterial lesions that lake the 
form of 1- to 3-inm warty deposits, seen on either surface of the leaflets 
and at the margins. 

Glomerulonephritis: Involves deposition of DNA/anti-DNA complexes 
within the glomeruli. These evoke an inflammatory response that may 
cause proliferation of the endothelial, mesangial, and/or epithelial cells, 
and in severe cases, necrosis of the glomeruli. 


CRYSTAL ARTHRITIS 


Gout 

Recurrent episodes of acute arthritis caused by the tissue accumulation of 
excessive amounts of uric acid (an end product of purine metabolism) due to 
overproduction or underexcrction. The increased level of uric acid is termed 
hyperuricemia. Precipitation of MSU crystals from supersaturated synovial 
fluid activates complement and recruits neutrophils, leading to joint destruc¬ 
tion. Gout typically affects men Over age 30 and most often (90%) involves 
the great toe. The arthritis is usually asymmetric, affects only a few joints, and 
may be accompanied by skin nodules called tophi* 

Monosodiuin urate crystals; Can be identified by examining the synovial 
fluid. These crystals appear yellow-white and are negatively birefringent 
Primary gout (90%); Gout in which the basic cause is unknown or when 
the cause is an inborn metabolic abnormality. 

Secondary gout ()0%): The cause of hyperuricemia is known but gout 
is not the main or dominant clinical disorder (lymphoma, leukemia, or 
chronic renal failure). The pathogenesis of gout is related to the overpro* 
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dilation of uric acid resulting from some abnormality in the metabolism of 
purines. 

HGPRT: ITe conversion of phosphoribosyl pyrophosphate (PRPP) to 
purine nucleotides is catalyzed by ainklo phosphoribosyl transferase (PRT) 
in the de novo pathway, and by adenine PRT (APRT) and HGPRT in the 
salvage pathway, 

Lesch-Nyhan syndrome: An X-linked condition with complete lack of 
HGPRT leading to excessive amounts of uric acid, mental retardation, and 
self-mutilation. 

Chronic tophaceous arthritis: Recurrent episodes of urate deposition lead 
to large amounts of chalky white sodium urate (tophi) deposition on artic¬ 
ular cartilage, triggering a chronic granulomatous reaction that can lead to 
ankylosis. 

Gouty nephropathy: Uric acid crystals can precipitate within and obstruct 
renal tubules. Patients undergoing chemotherapy have a rapid cell turn¬ 
over rate leading to hyperuricemia (tumor lysis syndrome), causing gouty 
nephropathy. 

Pseudogout 

Should be included in the differential of arthritis since it is often misdiag¬ 
nosed as gout or RA or OA. Pseudogout is the result of crystals precipitating 
out of the synovial fluid. In contrast to gout, these crystals arc composed of 
calcium pyrophosphate. Diagnosis is made by examining synovial fluid and 
visualization of blue, positively birefringent, crystals. The calcium may also 
be visualized on X-ray, 


ACUTE SUPPURATIVE ARTHRITIS 


Infection of the joints may occur during episodes of bacteremia, through trau¬ 
matic implantation, or from direct spread of an infection from the adjacent 
bone or soft tissues- It is manifest as local pain, fever, and a neutrophilic joint 
infiltrate (pus). The immunocompromised, IV drug users, and complement- 
deficient are at increased risk. Common pathogens include gonococci and 
Salmonella . 


GOODPASTURE'S SYNDROME 


Glomerulonephritis and hemorrhagic interstitial pneumonitis. Presenting 
symptoms are hematuria with hemoptysis. Underlying pathology is anti-GBM 
antibodies that cmss-react with the basement membrane of alveoli. The base¬ 
ment membrane antigen is a component of the a-5 chain of type IV collagen. 

Type I. Anti-GBM disease characterized by linear deposits of IgO along 
the GBM. If the IgG also binds to capillary basement membranes of the 
lung, it is termed Goodpasture s syndrome. 


5ARCOIDOSIS 


Multisystcmic disease of unknown etiology characterized by noncaseating 
granulomas in many tissues and organs, TTie primary manifestation is bilat¬ 
eral, hilar adenopathy. 

Schatmiann body: Found inside the granulomas that characterize sarcoi¬ 
dosis. They are laminated concretions composed of calcium and proteins. 
Asteroid body: Found inside the granulomas that characterize sarcoidosis. 
They arc stellate inclusions enclosed within giant cells. 
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Lymphangitis distribution: The granulomas of sarcoidosis predominantly 
involve the lung inters!ilium rather than air spaces, with some tendency 
to localize in the connective tissue around bronchioles and pulmonan 
venules and in the pleura (lymphaiigilic distribution). 

Erythema nodosum: 11 all mark of sarcoidosis. It is characterized In raised, 
red, tender nodules on the anterior aspects of the legs. 

Lupus pernio: Another characteristic skin lesion of sarcoidosis that con¬ 
sists of indurated plaques associated with violaceous discoloration in the 
region of the nose, checks, and lips. 

Iritis: Inflammation of ihe iris. 

Sicca syndrome: Ocular lesions that affect the lacrimal glands, with sup¬ 
pression of lacrimal ion, is called sicca syndrome. 

Mikulicz’s syndrome: Combined uveoparotid involvement is designated 
Mikulicz's syndrome. 


SERONEGATIVE SPONDYLOARTHROPATHY 


hmnune-medialed, inflammatory arthritis without serologic evidence of auto¬ 
immune disease (absence of RF or ANA), High association with HLA-B27 
(see lable 5-10), 


SYSTEMIC SCLEROSIS (SCLERODERMA) 


Connective tissue disease causing excess collagen deposition in tissues of the 
skin, blood vessels, and internal organs. Affects women > men between the 
ages of 50 arid 60, Divided into two syndromes. 

CREST syndrome: A more mild form of scleroderma defined as Calcino¬ 
sis, Raynauds syndrome (changes in skirt coloration on exposure to change 
in temperature), Esophageal dysmotility (reflux), Selerodaetyly (clawing of 
the hands), and Tel angiectasias. 

Diffuse scleroderma: Symptoms of CREST syndrome with additional 
Features of internal organ involvement. More severe and more rapidly 
progressive. 

Autoantibod res: Anti-centromere in CREST syndrome and Anti-Scl-70 in 
diffuse disease. 


TABLE s -1 0. Types of Seronegative Spondyloarthropathies 


tiRmuuiiinntiqtiiinoBiitUtll 

Ankylosing 

spondylitis 

HMtnrtmutfiHBimi iiivn mtuui it mroaMui iinttimrmiti n m intm mum n mirtr«i jmi 

Affects the sacroiliac pints and can progress to involve the spine, hips, 
and knees. Chronic inflammation prompts new bone growth, leading 
to fusion of the joints. Symptoms include lower back pain and stiffness 
with systemic symptoms. Spine X-ray shows characteristic findings. 

Renter's syndrome 

Arthritis, conjunct ivitis, and urethritis. Arthritis often affects a single 
joint at the waist or lower. Frequently preceded by Gl (Campylobacter 
or Escherichia call) or GU (chlamydial) infection. 

Entempathfe 

arthritis 

Arthritis affects 10%-20% of patients with JBD as an extra-GJ 
symptom. 

Psoriatic arthritis 

Arthritis affects of patients with psoriasis, 


CHAPTER 5 449 





























SKIN DISORDERS AND DERMATITIS 


Atopic Dermatitis 

Inumme-mcdiated skin disease causing scaly and vesicular eruptions which 
rupture and crust over on flexor surfaces* The rash is pruritic. Atopic triad: 
allergic rhinitis, asthma, and eczema* 

Allergic Contact Dermatitis 

Delayed-type hvpcrsemitivilv reaction to a topical irritant (often poison ivy* 
cosmetics, or jewelry)* The rash appears in a linear distribution mirroring the 
site of contact with the irritant 

Dermatitis Herpetiformis 

Rare disorder characterized by extremely pruritic urticaria and grouped vesi¬ 
cles, mainly along the extensor surfaces. This disease is associated with celiac 
disease and responds to a gluten-free diet. The IgA antibodies developed 
against gluten cross-read with reticulm (a component of the anchoring fibrils 
that tether the epidermal basement membrane to the superficial dermis). 

Microabscess: Fibrin and neutrophils accumulate at the lips of dermal 
papillae, forming micToabsccsscs, Overlying basal cells show vacuolization 
and minute zones of dermocpidennal separation (microscopic blisters). 
These zones coalesce to form a true subepidermal blister* 

Bullous Pemphigoid 

lesions arc tense bullae, filled with clear fluid, on normal or erythematous 
skin. The bullae do not rupture as easily as the blisters seen in pemphigus, 
and they usually heal without scarring* li is characterized by a subepidermal, 
nonacantholytic blister* This is also caused by a type II hypersensitivity reac¬ 
tion, but the auloantibodies arc targeting lieuudesmosoines. 

Pemphigus Vulgaris 

Rare autoimmune blistering disorder affecting the mucosa and skin (scalp, 
face, groin, and trunk), Fairly lesions appear as superficial vesicles and bul¬ 
lae that easily rupture. Caused by loss of the integrity of normal intercellu¬ 
lar attachments within the epidermis and mucosal epithelium, !l is caused a 
type II hypersensitivity reaction. Sera from patients contain pathogenic IgC 
antibodies to lire intercellular cement substance (desmoglems) of skin and 
mucous membranes (anti-desmoglein IgC)* 

Acantholysis: Term for dissolution, or lysis, of tire intercellular adhesion 
sites within a squamous epithelial surface. This is common to all forms of 
pemphigus. 

Suprabasal acantholytic blister: In pemphigus vulgaris and vegetans, 
acantholysis selectively involves the layer of cells immediately above the 
basal Liver* giving rise to suprabasal acantholytic blisters characteristic of 
pemphigus vulgaris. 

Seborrheic Keratosis 

A common epidermal tumor that arises spontaneously (mainly on the trunk) 
and is clinically described as round, flat, coin-like plaques that vary in diam¬ 
eter, The lesions are tan to dark brown (due to melanin pigmentation of 
basaloid cells) ami show a velvety to granular surface. H is benign and easily 
treated by excision* 
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[lorn cyst: The presence of small keratin-filled cysts (horn cysts) and 
down growths of keratin into the main tumor mass (pseudo-horn cysts) are 
characteristic features- 


ERYTHEMA MULTIFORME 


This is an uncommon, self-limited disorder that appears to be a hypersensitiv¬ 
ity response to certain infections and drugs* This is probably caused by cyto¬ 
toxic T-cells targeting cross-reactive antigens in or near the basal cell layer of 
the skin and mucosae. 

Stevens-Johnson syndrome: Symptomatic, febrile version that is marked 
by erosions and crusting of the mucosal surfaces of the lips, eonjunctivae, 
oral cavity, urethra, and anogenital region. 

Toxic epidermal necrolysis; Results in diffuse necrosis and sloughing of 
cutaneous and mucosal epithelial surfaces, producing a clinical situation 
analogous to an extensive burn. 


LICHEN PLANUS 


Pruritic, purple, polygonal papules are the presenting signs of this disorder of 
skin and mucous membranes, 11 is usually resolves spontaneously in 1-2 years, 
often leaving zones of post inflammatory hypcrpignientatkm. Typically, there 
are multiple lesions on the extremities, wrists, elbows, or even the glans penis. 
In 70% of cases, oral lesions are present. 

Wickham's striae: Cutaneous lesions of lichen planus consist of itchy, 
violaceous, tint-topped papules, which may coalesce to form plaques. 
These papules are often highlighted by white dots or lines, called Wick¬ 
hams striae. 

Stratum spinosum: 1 (biologically, lymphocytes infiltrate along the dermo- 
epidcnnal junction and are closely associated with basal kcratinocytes, 
which show degeneration, necrosis, and a resemblance in size and contour 
to more mature cells of the stratum s pi nosum (squama tization). 
Dcrmoepidennal interface: The inflammation causes this interface to 
assume an anguluted, zigzag contour (sawtoothing), 

Civatte body; Anuclcate, necrotic basal cells may become incorporated 
into the inflamed papillary dermis, where they arc referred to as colloid, or 
Civatte bodies. 

Itypcrgranulosis: This disease is differentiated from erythema nmltiforme 
because lichen planus exhibits epidermal hyperplasia and thickening of 
the granular cell layer {hypergranulosis). 


SKIN CANCER 


Actinic Keratosis 

Premalignanl (dvspUislic) lesions that result from chronic sun exposure, and 
are associated with a build-up of excess keratin* Lesions are < 1 cm in size and 
skin-colored with a sandpaper consistency* 

Cutaneous horn: Lesions may produce so much keratin that a "cutaneous 
horn” develops. This is a horn made of keratin protruding from areas fre¬ 
quently exposed to sun* 

Solar elastosis: The dermis contains thickened, blue-gray elastic fibers 
(clastosis), a probable result of abnormal dermal elastic fiber synthesis by 
sun-damaged fibroblasts. 
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Squamous Cell Carcinoma (SCC) 

The most important tumor arising on sun-exposed sites in older people. Expo¬ 
sure to UV light with unrepaired DNA damage is the most frequenl cause, 
though others exist. Prior to breaking through the basement membrane, SCC 
appears as a sharply defined* red. scaling plaque. It can become invasive, nod¬ 
ular* develop hyperkeratosis, and may ulcerate. Histologically* atypia is pres¬ 
ent at all layers of the epidermis. Only metastasize. 

Dyskeratosis: Premature keratinizaliou in individual epithelial cells that 
have not reached the keratinizing surface layer. 

Xeroderma pigmentosum: These people cannot repair damaged DNA 
and rapidl) develop skin atrophy (thinning), splotch) pigmentation* 
tehmgieclasias, and skin cancers. 

Basal Cell Carcinoma 

These common, slow growing tumors also arise from chronic sun exposure. 
Clinically, these tumors present as pearly papules, often containing promi¬ 
nent, dilated subcpidermal blood vessels (telangieclasias). 

Rodent ulcer: These are advanced lesions that ulcerate with extensive 
invasion ot hone and facial sinuses that occur after mum years of neglect. 
Palisading: The cells forming the periphen of the tumor cell islands 
tend to be arranged radially with their long axes in approximately parallel 
alignment. 

Separation artifact: The stroma shrinks away from the epithelial tumor 
nests* creating clefts or separation artifacts, which assist in differentia ting 
basal cell carcinomas from certain appendage tumors. 

Malignant Melanoma 

(it contrast to ntrvi* melanomas exhibit striking variations in pigmentation, 
appearing in shades of black brown, red, dark blue, and gray, The borders of 
melanomas are irregular and notched. Clinical warning signs include: a mole 
that has enlarged* begins itching* or becomes painful; development of newly 
pigmented lesions in adults; irregular borders; and variegation of color within 
a pigmented lesion. The most important clinical sign is a change in color or 
size of a pigmented lesion. 

Radial growth: '111is indicates the initial tendency of a melanoma In grow 
horizontally within the epidermal and superficial dermal layers. During 
this time, melanoma celts do not have the abilitv to metastasize. 

Vertical growth: The melanoma now begins to grow downward into the 
deeper dermal layers as an expansile mass lacking cellular maturation, 
without any tendency for the cells to become smaller as I hey descend into 
the reticular dermis. These culls now have metastatic potential and angio¬ 
genesis is stimulated. 


PRIMARY BONE TUMORS 


Osteoma 

These arc benign, solitary* hard, exophytic growths attached to the surface 
of bone. They usually affect the head (paranasal sinuses) and neck, and arc 
actually developmental aberrations or reactive growths. 


Osteoid Osteoma 

Benign lesions most often arising in the proximal femur and tibia of males 
(more than females) during the second and third decades of life. They are 
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less than 2 cm in size and cause pain that can be relieved by aspirin. It is 
composed of haphazardly interconnecting trabeculae of woven bone that are 
rtnimed by prominent osteoblasts* The intertrabecular spaces are filled by vas¬ 
cular loose connective tissue. 

Osteoblastoma 

Benign lesions most often arising in the vertebral coinnm of males (more 
than females) during the second and third decades of life, '['hey are greater 
than 2 cm in size and cause pain that is unrelieved by aspirin. They may 
recur following excision. 

Nidus: Osteoblastoma and osteoid osteoma are svclbcircuinscribed lesions 
with a central area (the nidus) that is characteristically radiolucent but 
may become mineralized and sclerotic. 

Giant Cell Tumor of Bone 

Neoplasms that consist of two cell types: imiltinucleated giant cells resem¬ 
bling osteoclasts, and neoplastic, proliferating mononuclear cells. They 
cause local pain near joints (mimicking aril iritis) in the epiphyses of long 
bones. There is a slight female predominance with peak age between 20 and 
40 years. The lesions arc solitary, radiolucent, and appear dark brown due to 
abundant vascularity. 

Osteochondroma 

Benign proliferations of mature bone with a cartilaginous cap. These repre¬ 
sent malformations rather than true neoplasms. Most often they arc solitary 
lesions arising from the melaphjsis (near the growth plate) of long bones and 
may cause cosmetic deformities. 

Enchondroma 

Benign lesions arising from the medullary cavity, composed of mature hyaline 
cartilage. They occur most often in the small bones of the hands and feet in 
the third, fourth, or fifth decade of life* 

Ollier's disease: Characterized by multiple chondromas involving one 
side of the body, 

Maffueei’s syndrome: Multiple chondromas associated with benign vascu¬ 
lar tumors (angiomas) of the soft (issue* 

Osteosarcoma 

Malignant mesenchymal neoplasms in which the neoplastic cells produce 
osteoid. They typically present as progressively enlarging, painful masses that 
come to attention because of fracture of llic involved bone. Histologic diagno¬ 
sis is required in all cases. There are several different forms: 

Primary vs secondary: Primary forms arise dc novo, while secondary lunm 
arise as a complication of a known underlying process (Paget's disease). 
Primary osteosarcoma is div ided into conventional and variant forms* 
Conventional vs variant: The conventional form accounts for three- 
fourths of cases, most often arises around the knee in the second decade 
oflifc, and is seen mostly in males, CodmatTs triangle: This tumor causes 
an elevation of the periosteum on radiographs, forming Codmans triangle* 



454 


CHAPTER 5 



Ewing's Sarcoma 

Bone tumors that are part of the same "tumor Family” characterized by the 
presence of one of two translocations: t(l l;22) or t(2] ;22). The translocations 
cause deregulation of cell proliferation and differentiation. These arc highly 
aggressive neoplasms of neural origin (small blue cells histologically), are 
most common in children, and arise from the medullary cavity in the diaphy- 
sis. They present with fever, pain, and local inflammation. 

MIC2 (CD99) antigen: Ewing’s sarcoma cells express this surface antigen 
which can he identified with monoclonal antibody. It is important to dis¬ 
tinguish this small blue-cell tumor from others (neuroblastoma), because 
the treatment is different 

Chondrosarcoma 

Malignant neoplasms that arise from the medullary cavity, populated by mes¬ 
enchymal cells that produce a cartilaginous matrix. They occur more often in 
males during the sixth decade of life in the shoulder, pelvis, proximal femur, 
or ribs. Enlarging, painful masses that may metastasize via the blood (to the 
lung) is the usual presentation. They do not produce osteoid! 


VASCULITIS 


This term simply means inflammation of vessel walls caused by any of the fol¬ 
lowing mechanisms: (1) direct invasion of vascular walls by infectious 
pathogens, (2) immune-media ted mechanisms, (3) non infectious, systemic 
immune-media ted (hypersensitivity or cross-reactivity), or (4) physical or 
chemical injury (irradiation, trauma, or toxins). 

Antineutrophil cytoplasmic antibodies (ANCA): Autoantibodies directed 
against enzymes within neutrophils, monocytes, and endothelial cells. 
They arc diagnostic for certain disorders and their levels reflect the degree 
of inflammatory’ activity. 

c-ANCA: Cytoplasmic staining pattern indicating neutrophil granules, and 
their presence is diagnostic for Wegener's granulomatosis (WG). 
p-ANCA: Perinuclear staining pattern usually specific for myelo¬ 
peroxidase (M PO), and their presence is diagnostic for polyangiitis and 
Churg-Strauss syndrome. 


CHURG-STRAUSS SYNDROME 


Vasculitis of small vessels accompanied by granulomas and eosinophilic 
necrosis typically affecting vessels of the respiratory tract. There is a strong 
association with asthma and eosinophilia and p-ANCA may he present 
(~ 50%). 


BUERGER'S DISEASE (THROMBOANGIITIS OBLITERANS) 


Segmental, thrombosing inflammation of medium- and small-sized arteries of 
the extremities (tibial and radial arteries). The inflammation can extend to 
adjacent veins and nerves leading to ulcerations of digits and gangrene. !t has 
been associated with heavy cigarette smoking, adults younger than 35, and is 
more common in Israel, Japan, and India, 










TAK AYASU'S ARTERITIS 


Granulomatous vasculitis of medium and large arteries; however, it is the 
most common form of systemic vasculitis in adults under age 50, with a 
female preponderance. It can involve ocular disturbances and marked weak¬ 
ening of the pulses in the upper extremities, leading to coldness or numbness 
in the fingers, ocular disturbances, hypertension, and neurologic deficits. 


TEMPORAL ARTERITIS 


Acute and chronic, granulomatous inflammation of the large and small arter¬ 
ies. It most commonly causes systemic vasculitis in adults over age 50 and 
primarily affects the arteries of the head (also vertebral and ophthalmic arter¬ 
ies and the aorta), presenting with vague symptoms of fever, headache, and 
fatigue. Histologically, affected segments of arteries develop nodular thicken¬ 
ings with constricted lumens, granulomatous inflammation of inner media, a 
mononuclear infiltrate with multinucleate giant cells, and fragmentation of 
internal clastic lamina. 


POLYARTERITIS NODOSA 


PAN is a systemic vasculitis of small- and medium-sized muscular arteries 
(docs not involve the arterioles, capillaries, or veins) affecting the renal and 
visceral (heart, liver, and Cl) vessels most* but typically sparing the pulmo¬ 
nary circuit. Histologically there is transmural inflammation of the arterial 
wall with neutrophils, eosinophils, and mononuclear cells. Fibrinoid necrosis 
develops leading to thickening of the vessel wall PAN frequently follows an 
episodic course with bewildering symptoms that include fever, malaise, weight 
loss, hypertension, abdominal pain, bloody stools, and diffuse muscle aches* 


WEGENER’S GRANULOMATOSIS 


Necrotizing vasculitis affecting small- and medium-sized vessels characterized 
by a triad of symptoms: (1) acute necrotizing granulomas of the upper and/or 
lower respiratory tract, (2) necrotizing granulomatous vasculitis affecting cap¬ 
illaries, venules, arterioles, and arteries, and (3) renal disease in the form of 
focal necrotizing glomerulitts (often crescentic). c-ANCA is present in 95% 
of patients. 


KAWASAKI'S DISEASE 


Arteritis involving the coronary arteries, usually occurring in children and 
infants. This disease is the leading cause of acquired heart disease in children 
of North America and Japan, and is associated with mucocutaneous lymph 
node syndrome. The vasculitis is PAN-like with necrosis and inflammation 
affecting the entire vessel wall. 


PSORIASIS 


Psoriasis is common and frequently affects the skin of the elbows, knees, scalp, 
lumbosacral areas, and even the glans penis. The most typical lesion is a well- 
demarcated, pink lo salmon-colored plaque covered by loosely adherent scales 
that are characteristically silver-white* The pathogenesis is unclear, though it 
seems to be multifactorial (genetic and environmental). The disease results 
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from sensitized T cells entering the skin, which create an abnormal microen¬ 
vironment via evtokines. 

Onycholysis: Nail changes occur in >0 % of patients* including separation 
of the nail plate from the underlying bed (onycholysis)* 

Pustular psoriasis: This is a rare variant of psoriasis characterized by for¬ 
mation of multiple small pustules on erythematous plaques* Morphologi¬ 
cally, the stratum granulosum is thinned or absent, and extensive overlying 
parakcratotic scale is seen. 

Dermal papilla: Typical of psoriatic plaques is thinning of the epidermal 
layer that overlies the tips of dermal papillae (suprapapillary plates) and 
dilated, tortuous blood vessels within these papillae* 

Auspitz; sign: The above mentioned blood vessels readily bleed when the 
scale is peeled back and the suprapapillary plates are “unroofed” giving 
rise to multiple minute bleeding paints* This is Auspilz’ sign. 

Spongiform pustule: Neutrophils form small aggregates within slightly 
spongiotic foci of the epidermis (spongiform pustules) and within the par- 
akeratotic stratum comeum (Monro's microabscess). 


OSTEOMYELITIS 


Denotes inflammation of the bone and marrow cavity bv an infectious agent 
(usually pyogenic bacteria and Mycobacterium ftifiercu/asis). 

Pyogenic Osteomyelitis 

This can be caused by bacterial hematogenous dissemination to bone, direct 
extension from a focus of acute infection, or traumatic injury/surgery. 

Staphylococcus aureus is the most common cause of infection, 
Escherichia coli and group B Streptococcus are important causes of acute 
osteomyelitis in neonates* 

Salmonella osteomyelitis is frequent in patients with sickle cell disease* 

Acute Osteomyelitis 

An intense, neutrophilic mHnmmatory infiltrate at the site of bacterial inva¬ 
sion. The vascular channels are compressed and the bone becomes necrotic 
within days. In children, the metaphyses of long bones are typically involved 
(due to sluggish blood flow). 

Periosteum: In long bones, infection can spread through I he cortical bone 
and penetrate the periosteum. Subperiosteal abscesses may form (particu¬ 
larly common in children)* 

Epiphysis: In infants, loosely attached periosteum and anastomoses 
between metaphyseal and epiphyseal vessels allows infection to spread to 
the epiphyses, then the joint capsule* 

Chronic Osteomyelitis 

Sequela ot acute infection characterized by osteoclast activation, fibroblastic 
proliferation, and new bone formation. Residual necrotic bone (sequestrum) 
may be resorbed by osteoclasts. Large sequestra are surrounded by a rim of 
reactive bone (involucntm). When a well-defined rim of sclerotic hone sur¬ 
rounds a residual abscess, it is called Brodic’s abscess. 





Tins is a common disorder characterized by localized mast cell dcgrannlation 
and resultant dermal microvaseular liypcrpcrmcability, culminating in pru¬ 
ritic, edematous plaques called wheals, Edema is limited to the perivascular 
spaces of the superficial dermis. Urticaria usually results from antigen-induced 
(e.g., pollens and foods) release of vasoactive mediators from mast cell gran¬ 
ules via sensitization with specific IgE antibodies (type I hypersensitivity). 

Hereditary angioneurotic edema: Result of an inherited deficiency of Cl 
esterase inhibitor that results in uncontrolled activation of the early com¬ 
ponents of the complement cascade. 
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KEY FACT 


By week 3, there are three layers of 
embryonic tissue: the ectoderm, the 
mesoderm, and the endoderm. 



The nervous system is one of the first systems to develop. In the third gesta¬ 
tional week, following gastrutation, the neural tube (which will become the 
central nervous system [CNS]) forms and neural crest cells {which will give 
rise to the peripheral nervous system [PNS]) emerge and migrate. 



KEY FACT 


Remnants of the primitive streak can 
become sacrococcygeal teratomas. 



KEY FACT 


The notochord becomes the 
nucleus pulposus, which lies within 
the vertebral column in the adult 
Herniation of the nucleus pulposus 
through the annulus fibrosis results 
in spinal root impingement and pain, 


Gastrulation 

During week 3 of embryogenesis, the three layers of embryonic 1 issue form 
through a process known as gastrulation (see Figure 6-1): 

Gastrulation: Ectodermal cells detach from the epiMast, the surface layer 
of the embryo, invaginate inward into a groove known as the primitive 
streak, and form the mesoderm. 

Mesodermal cells in the primitive streak then migrate toward the head 
until blocked by the fused buccopharyngeal membrane at the primitive 
node (the most rostral part of primitive streak). 

In parallel, prenotochordal cells also invaginate and move rostrally, form¬ 
ing a line known as the notochord from the primitive node to the pre¬ 
chordal plate. 

Neurulation 

The primitive streak regresses and disappears, dragging the notochord toward 
the buccopharyngeal membrane. 

The steps of neurulation are summarized in Figure 6-2. 

1. The notochord induces the overlying region of the ectoderm tu form the 
neural plate. 

2. The neural plate begins to invaginate along the longitudinal axis and forms 
the neural groove. 

3. 'The neural groove continues to invaginate until the surrounding neural 
folds meet to form an open neural tube. 

4. The open neural tube then closes, starting in the center (at the middle of 
the future body) and progressing caudally and rostrally. 



Buccopharygeat 

membrane 

Cut edge of amnion 
Pro notochordal cells 

Goacaf membrane 



mesoderm ceils 


Yolk 

sac 


Primitive 

node 


Primitive 

Amnsoblasts 


A B 

figure 6*1. Gastrulation. (A) 'topographical view of migrating cells during gattniluticm. In vagi mi ting mesoderm cells (pre noto¬ 
chord a I cells) detach from I he cpi blast and migrate along i he longitudinal axis lo form the notochord, (B) Cross-section til view of meso¬ 
derms] 1 eelh detaching from the cpiblast. 
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figure 6*3, NeuruJation. Hie neural groove inviigiuuLes mid closer to farm the neural 
lube. 


Neural Tube Defects 

Failure of ilie neural tube to close at either end leads to birth defects. 

Failure of rostral neuropore closure leads to anencephalv. 

Failure of caudal nciiropare closure leads to spina bifida (see Figure f>>). 
failure of the neural folds to form the neural tube leads to rachisdiisis, 
with exposed neural lissue. This most extreme form of spina bifida carries 
a poor prognosis. 

Cnmioschisis is failure of closure of the neural tube at the cranial end, 
with lack of brain formation (atiencephaly). 

Occurs in 1 in 1500 births. 

Death occurs within a few days after birth. 

Variations of Spina Bifida 

The clinical manifestations and severity of spina bifida van depending on the 
degree of closure of the caudal/rosi rat neuropore as well as the location of the 
defective fusion. Prognosis varies from a completely normal life span (spina 
bifida occulta} to death within a few years (rachischtsis) (see Tables 6-1 and 6-2). 



KEY FACT 


As a result of the tethering of the 
spinal cord to the vertebral column, 
meningocele is often associated with 
hydrocephaly. As infants grow, the 
vertebral column lengthens faster 
than the spinal cord. The vertebral 
column then pulls the spinal 
cord and cerebellum downward, 
occluding CSF flow through the 
foramen magnum. 





C Meningocele 


Meninges 


A Norma! B Spina bifida occulta 
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FIGURE 6*3. 


Types of spina bifida. A-01 Variations of spina bifkta can occur in the wavs shown here. 
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TABLE 6-1. Variations of Spina Bifida 


uritrimn II 011 II Iiummuitl 1JJUUUM1H tHiUJUf nutxHUi 

Spina Bifida Occulta 

Spina Bifida Cystica 

Anencephaly Cpanioschisis 

MHtll II !■■■»» i (ii.Miiii IIII4IIIUIII Ul«l 1 IIUUJMI44tl444JI 

Rachischisis 

Failure of vertebral arches to 

dose without herniation of 
intraspinal contents. 

Includes meningoceles: Failure 
of vertebral arches to dose 
with herniation of intraspinal 

contents. 

Not technically a form of spina 
bifida, but a similar concept: 
Failure of closure of the neural 

tube at the cranial end. 

Failed neural tube closure. 

No defects except for a small 
tuft of hair overlying a defect in 
the bony aspects of the spine. 


Exposed brain matter. 

Neural tissue exposed to 
the external world; the most 
extreme form of spina bifida. 

Normal life span; \ in 10 live 
births. 

1— *U**M*M*il*1*< 1 f Will I !■■■■! >1IIIIMMMMMI 

I in 1500 birth. 

Prognosis is poor, with death a 
few days after birth. 

Poor prognosis. 


Cross-Section of the Neural Tube 

The nciinil tube gives rise to the CNS. including the brain, brain stem, 
and spinal cord. 

'Hie brain’s three primary vesicles develop around week 6. 

In the brain stein and spinal curd, the dorsal alar plate, the ventral basal 
plate, and the intervening sulcus limitans develop within the central 
canal of the neural tube. 

Alar plate: Gives rise to sensory neurons. 

Basal plate: Gives rise to motor neurons. 

Sulcus limitans: Separates the two plates. 

Neural crest cells are derived from ectodermal cells. Ectoderm at the 
edges of the neural folds is induced by the neural tube to form neuroepi- 
thel-ia. These neural crest cells then migrate and give rise to multiple adult 
derivatives (sec Figure 6-4), including: 

PNS ganglia and neurons. 

Schwann cells. 

Chromaffin cells of the adrenal medulla. 

Melanocytes in the skin. 

Connective tissue and skeletal tissue of the pharyngeal arches. 

C cells of the thyroid. 

Aortic arc 1 1 and conotrimca! cells. 

Enterochromaffin cells of the intestines. 

Schwann cells The most common disorders of neural crest cell migration include those listed 

_ in Table 6-3. 
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table 6 - 2 . Variations of Meningocele 
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Meningocele 

Meningomyelocele 

■nil wniwwPHHifiHWwiMiiwEtnMftFiwiittigMirtiiMAi nun 11114111111 

Meningoencephalocele 

Meningokydroencephalocele 

Herniation of the 
subarachnoid space 
out into the defect 

Herniation of the spinal cord 
into the outpouching of the 
subarachnoid space; myelo 
- neurons/cord. 

Same as meningomyelocele except 
involving the brain instead of spinal 
cord; brain matter is displaced into an 
outpouching of the subarachnoid space; 

encephaJ - brain. 

More severe, herniation 

includes a ventricle with CSF 

along with the brain matter; 

hydro = CSF. 

Neurologic defects but 
not mental retardation. 

Associated with type It 
Arnold-Chiari syndrome. 

Mental retardation. 

Mental retardation. 





































FIGURE 6-4* Neural crest derivatives. The neural crest cells migrate peri pile rally from 
the neural lube to develop into the peripheral nervous system and other important structures, 


TABLE s - 5 . Neural Crest Derivatives and Their Corresponding Defects 


Neural Crest Derivative Defect 

Aortic arch/aorticopulmonary septum. 

Great vessel deformities. 

Pharyngeal arch 3, 

DiGeorge's syndrome. 

Enterochromaffin cells. 

Hirschsprung's disease, achalasia* 

Melanocytes. 

Albinism. 
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BRAIN DEVELOPMENT 


Formation of Brain Vesicles 

From week 6 onward, three primary vesicles form at the caudal end and 
develop into five secondary vesicles. These secondary vesicles give rise to the 
mature struct tires in the adult brain and the associated vesicl es/C S F-fi 11 cd 
cavities (see Figure fro). The three primary vesicles arc: 

Forcbrain (prosencephalon). 

Midbrain (mesencephalon). 

Hindbrain (rhombencephalon). 


The five secondary vesicles arc: 

lelcnecplialon (derived from the prosencephalon), 
Dicncephalon (derived from the prosencephalon). 
Mesencephalon. 

Meteneephalon (derived from the rhombencephalon), 
Myelcncephakm (derived from the rhombencephalon). 


Congenital Malformations 



KEY FACT 


Syringomyelia = fluid-filled cavity 
(cyst) within the spinal cord. 


Arnold-Chiari 

Arnold-01 i iari syndrome is congenital herniation of the cerebellum through 
tire foramen magnum (see Figures 6-6 and 6-7), 

Occursin 1 in 1000 live births. 

Type I: Herniation of cerebellar tonsils only, 

Tvpe II: [freaking of the teetal plate, acjucduetal stenosis, herniation and 
unrolling of the vermis into the vertebral canal, and stretching of CN IX, 
X, and XI, Mav also present with syringomyelia in C8-TI and lumbar 
meningomyelocele. 
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figure 6-5, Development of brain vesicles. 
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FIGURE 6-6. Arnold-Chiari syndrome type L 3 lie black arrows point to ccrchcllai tonsils 
hcnikiLittg through the foramen magnum. Rcprrxliacd. w iih permission* from Brmneurili l 
Sdnwrtz'n Mmmtaf Surgery. New York McGraw-Hill, 21)06; 1651.1 


Presentation 

l jpe l is asymptomatic. 

Type II may present w ith: 

Difficulty swallowing (due lo compression of the nucleus ambiguits). 
Loss of paui/lcmperature sensation along the back of the neck and 
shoulders secondary to syringomyelia, which interrupts the ascending 
afferent sensory fibers in the anterolateral tract. 



F t G u R e 6-7, Arnold-Chiari syndrome type It. \ small posterior fossa is picscnL resulting 
in cerebellar tonsillar ectopia dong arrow >, lowering of the cerebellum [ short arrow), break¬ 
ing nf the teetiim (timed annul and compression id the fourth ventricle (arrowhead! with 
resulting hydrocephalus. Partial agenesis of I he n Kirilin and splenimn of the corpus t a Muslim 
is noted, i Reproduced, with permission, from (!lien M Rime Radiology, Met -rawdtill, 2006; 

■3 >4.) 





Mental retardation secondary to coincident meningocele, a visible cyst 
containing spinal cord matter protruding from the dorsum of the spine. 
Hydrocephalus due to occlusion of CSF flow through the foramen 
magnum. 

Prognosis 

Depends on the degree of severity. 

1'ypc I; Normal life span. 

Type II: 15% die within 1 year of birth. Death is usually due to cranial 
nerve and brain stem dysfunction resulting in respiratory failure. 

Dandy-Walker Syndrome 

Dandy-Walker syndrome occurs in I in 25.1)00 births, far less common than 
Aniold-Chiari syndrome. The associated cerebellar hypoplasia is often caused 
by viruses, posterior fossa trauma, or vitamin IT deficiency. This results in fail¬ 
ure ol tire foramina of Luschka and Magendie to open, leading to dilation of 
the fourth ventricle, causing occipital meningocele and eventually agenesis of 
live cerebellar vermis and splenium of the corpus callosum (see Figure 6-8). 


Arnold ■ Chiarl 
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ssv mm I 

, Syringomyelia common in 

Stretching of :i “ 


cranial 
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C8T1 bilateral loss 
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Menmgomyocele 


Dandy walker 



Failure of splenium 
formation 

Elevation of confluence 
{f oracular) 

Posterior fossa cyst 
dilation of cranial nerve IV 

Agenesis of cerebellar 
vermis 

Occipital meningocele 


Amold-Chiari syndrome 

Features: 

Breaking of tectal plate 
Aqueductal stenosis 
Kinking and transforaminal herniation 
Herniation and unrolling of vermis into 
vertebral canal 
Type 1: 

Asymptomatic 
More common (1:1000) 
Meningomyocele is common 
Only tonsils herniate 
Type 2: 

Small posterior fossa 
True herniation of brainstem 

Dandy-Walker syndrome 

Causes: 

Virus 

lack of vitamin B ? 

Posterior fossa trauma 
Incidence at birth, 1:25000 


F t c U ft £ 6 - a. Comparison of Arnold-Chiari syndrome types I and II and Dandy-Walker syndrome, \mold-Cluari is tinidi more 
common, and involves a "falling through" of the cerebellum. Dandy-Walker Ls an agenesis of the cerebellum and a “blowing up" of the 
posterior fossa. 











Presentation 

Severe mental retardation and ataxia. 



Prognosis 


Dandy-Walker has trouble with 

walking. 


Varies dramatically. Some patients may lead completely normal lives, while 
others die soon after birth* Overall, it carries a 12%-50% mortality rale. 

Hydrocephalus 

Hydrocephalus is defined as increased intracranial pressure (ICP). The most 
common congenital cause is aqueductal stenosis, a consequence of maternal 
infection (e*g,, CMVor toxoplasmosis)* 

Presentation 

Enlarged cranium with thinning of the bones of the skull and cerebral cor¬ 
tex* Cranial sutures (fissures between plates of bones that make up the skull) 
do not close until many years after birth. The increased intracranial pressure 
pushes the bones apart, enlarging the skull and head circumference. 

Treatment 

Placement of an extraventricular shunt (e.g., from the ventricle to the 
peritoneum). 

Prognosis 

Depends on the degree of increased jj ressnre. In severe cases, brain tissue is 
compressed and cannot form properly, resulting in mental retardation* 

Microcephaly 

Microcephaly is characterized by small brain size. Growth of the skull 
depends on growth of the brain, so the head circumference is decreased sec¬ 
ondary to the underlying defect in brain development. This may be due to 
genetic causes, prenatal infection, or exposure to teratogens (e.g., toxoplasmo¬ 
sis, alcohol, radiation). 

Presentation 

Small head size; 50% of patients have some degree of mental retardation. 

Prognosis 

Depends on the severity and degree of mental retardation. 

Holoprosencephaly 

Failure of midline cleavage of the forchrain. This can be seen in severe fetal 
alcohol syndrome and Patau’s syndrome (trisomy 13). The forebrain may lack 
mklline features, including the corpus callosum, resulting in a single ventricle 
in the middle of the brain rather than bilateral ventricles (see Figure 6-9)* 

Presentation 

Clinical symptoms can range from mild to severe* Extremely mild cases may 
be only identified via a sincle incisor* Severe cases, however, can present with 
cycloplegia, a lack of central mklline structures , and a single ventricle. The 
degree of mental retardation depends on the extent lo which .structures are 
affected. 








KEY FACT 


Fetal alcohol syndrome is the 

most common cause of mental 
retardation. It is characterized by 
microcephaly, congenital heart 
disease, and in severe cases, 
holoprosencephaly. 



figure 6-9. Holoprosencephaly. Nole the lueh of brain mutter dividing the two hemi¬ 
spheres. (Reproduced, with permission, from Chen K Basic Radiology. New York: McCraw- 


I MU. 20(36:112.) 


Prognosis 

Depends on severity. In mild cases, individuals may lead a normal life; in 
more severe cases, the condition may result in mental retardation and early 
death. 



KEY FACT 


Patau's syndrome (trisomy 13) is 
characterized by holoprosencephaly, 
microcephaly polydactyly, cleft 
palate, narrow fingernails, and 
apneic spells. It is the most rare 
form of the viable trisomies {2 h 18, 
and 13). Death occurs within 1 year. 


Key Terms 

Gyms (pi. gyri) = outpouching fold of the brain. 

Sulcus = groove between the gyri. 

Cortex = layers of gray matter that overlie the deeper white matlcr of the 
brain, 

Sylvian fissure - oblique groove that divides the temporal lobe from the 
parietal and frontal lobes. 

Central sulcus = major sulcus that runs coronally. dividing the frontal lobe 
from the parietal lobe. 

Nuclei - collection of neuron cell bodies (as opposed to axons), usually 
sharing a common function. 




MNEMONIC 


The meninges PAD the brain from 
inside out 
Pia mater 
Arachnoid 
Dura mater 


Meninges 

Connective tissue that surrounds the CNS, including the brain and spinal 
cord. The meninges consist of three membranes: 

Pia nutter: Delicate and highly vascular; closely covers the surface of the 
brain and spinal cord. 

Arachnoid: Delicate, nonvascular layer with granulations that absorb 

CSF, 

Dura mater: Dense, tough exterior layer. 











The membranes form several potential and real spaces: 

Subarachnoid space: Lies between the pia and the arachnoid and con¬ 
tains CSR This space terminates at the $2 vertebra, where the CSK is 
produced and resorbed and where blood from intracerebral hemorrhages 
accumulates* 

Subdural space: Lies between the arachnoid and the dura and is traversed 
by "bridging veins" in the brain* 

Epidural space: Potential space outside the dura that contains meningeal 
arteries. In the spinal cord, it contains fatty areolar tissue, lymphatics, and 
venous plexuses* 

Pathology of the Meninges 

Meningeal tissues can be involved in several pathologic processes, including 
bleeding, infection, and cancer. Bleeding in the meningeal spaces presents dif¬ 
ferently depending on the source and location of the bleed (see Figure 6-10). 
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FIGURE 6-10* Comparison of epidural and subdural hemorrhages* 
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Meningismal signs 
■ Kernig's sign: Inability to 
straighten knee when hip is 
flesed at 90 degrees 
i Brudxinski’s sign: Laying flat on 
their back, with passive flexion of 
neck, patent flexes knees. 


Subarachnoid Hemorrhage (SAH) 

Usually clue to a ruptured aneurysm, Presents as the sudden onset of the 
“worst headache of life." Imaging may show enhancement in the area of the 
hemorrhage. Risk factors include hypertension, smoking, and older age. 

Subdural Hemorrhage 

Usually due to deceleration injury resulting in disruption of the bridging 
veins. The bleeding is venous and therefore accumulates slowly. They are 
often accompanied by intracranial bleeds or contusions and present as decline 
in mental status over days to weeks. Imaging shows enhancement of a cres¬ 
cent-shaped area that does not cross the midline or any dural attachments 
(suture lines). Subdural hemorrhage is seen most often in the elderly, alcohol¬ 
ics, and shaken babies. 

Epidural Hemorrhage 

Usually due to blunt head trauma resulting in disruption of the meningeal 
arteries. Imaging shows a biconcave, lens-shaped enhancement with smooth 
borders. A lucid interval during which the patient is completely asymptomatic 
may proceed a sudden decline in mental status and “drop and die” syndrome. 

Meningitis 

Inflammation of the meninges is often caused by a bacterial or viral infection. 

Bacterial meningitis: High fever, headache, nuchal rigidity, Kernig’s and 
Brud/anski’s signs. The organism involved depends on the age of the 
patient. 

Viral meningitis (aseptic meningitis): Similar to bacterial, but less acute in 
onset with less severe symptoms. 

Fungal meningitis: Seen in immunocompromised patients, often due to 
Cryptococcus. 

Diagnosis made by lumbar puncture (see Figure 6-11 and Table 6-4). 

Meningioma 

Benign, well-circumscribed, slow-growing tumors. These are more common 
in females than males. The patient often presents with headache and can be 
treated by resection or rarely radiation. These tumors are slow-growing and 
carry a good prognosis. 





Meningismal signs 
■ Kernig's sign: Inability to 
straighten knee when hip is 
flesed at 90 degrees 
i Brudxinski’s sign: Laying flat on 
their back, with passive flexion of 
neck, patent flexes knees. 


Cauda Spinous 
equina process 



L5 

Needle tn 

subarachnoid space 


FIGURE 6 - 11 . Lumbar puncture placement llic correct position m 
mq the space between (lit: spinous processes al (lie level of the iliac spine. 


Lumbar puncture placement The correct position may be located by find- 
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TABLE 6-4. Cerebrospinal Fluid Characteristics of the Different Types of Meningitis 



Bacterial 

Fungal 

HWtiiiiinmr 

Viral 

WBC 

PMN predominant 

Lymphocyte predominant 

Lymphocyte predominant 

Glucose 

Decreased 

Decreased 

Normal 

Protein 

Elevated 

Slightly elevated 

Slightly elevated 


Carcinomatous Meningitis 

The meningeal space is a common site for metastatic spread from cancer out¬ 
side the CNS. This condition is life-threatening and may present with mental 
status changes and headaches. Cranial nerve deficits may be found on clinical 
exam. Treatment consists of chemotherapy applied to the CSF. 

Ventricles 

Ventricles arc interconnected spaces in the skull that contain CSF CSF buf¬ 
fers the brain from impact, transports hormones, and removes waste products. 
CSF is produced by the choroid plexus, a tissue rich in blood vessels and 
covered with ciliated ependymal cells. It projects into the lateral, third, and 
fourth ventricles, and contributes to the blood-brain barrier (BBH), a tight 
barrier that separates circulating blood from the CSF. Other components of 
the BBB are the following: 

f Tight junctions between capillary endothelial cells, 
n Basement membrane. 

Astrocyte processes. 

'Hie permeability of the BBB is characterized by: 

Increased permeability to nonpolar/lipid-sol li blc substances vs. polar/ 
water-soluble substances. 

Permeability to glucose and amino acids via a carrier-mediated transport 
mechanism. 

Some areas of total permeability, such as the area postrema and the 
ntuirohypophysis/hypo thalamus. 


Ventricular System (See Figure 6-12) 

Two lateral ventricles communicate with the third ventricle through the 
foramina of Monro. 

The third ventricle communicates with the fourth ventricle through the 
cerebral aqueduct of Sylvius. 

The fourth ventricle communicates with the subarachnoid space via three 
outlet foramina: two foramina ofLusChka and one foramen of Magendie. 



KEY FACT 


The aqueduct is the most common 
site of stenosis. 


Hydrocephalus is caused by dilation of the ventricles and excessive accumu¬ 
lation of CSF, [ here are several forms: 

Noncommunicatiiig hydrocephalus: Obstruction between nr within the 
ventricles (e.g,, congenital aquedudal stenosis). 

Communicating hydrocephalus: Can arise from three causes: (1) CSF 
oversecretion (choroid papilloma); (2) CSF circulation blockage (tumor in 
the subarachnoid space); and (3) poor CSF absorption (meningitis, post- 
meningitis adhesions, dural venous sinus thrombosis). 
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Lateral ventricles 


Anterior 

horn 


Ventricular 

foramen 


Third 

ventricle 


Foramen of Luschka 
Foramen of Magendie 


Posterior 

horn 


Aqueduct 
of Sylvius 

Fourth 
it]) ventricle 


Lateral ventricle —► Third ventricle via foramen of Monro 
Third ventricle —► Fourth ventricle via aqueduct of Sylvius. 
Fourth ventricle —► Subarachnoid space via: 

Foramina of Luschka - Lateral. 

Foramen of Magendie = Medial. 


figure 6-iL Ventricular system. Note flic flow of C$F from the lateral ventricles 
through the foramen of mourn to the third ventricle, through the aqueduct In the fourth ven¬ 
tricle* into the subarachnoid space via arachnoid granulations, and back into the dural venous 
sinuses. 




MNEMONIC 


Triad for normal-pressure 

hydrocephalus: wacky* wobbly, 
wet 

J. Progressive dementia (wacky) 

2. Ataxic gait (wobbly) 

3. Urinary incontinence (wet) 


Normal pressure hydrocephalus: Decreased absorption of CSK by the 
arachnoid mater (e.g*, meningeal hemorrhage). 

Hydrocephalus ex vacuo: Overall loss of brain tissue* as seen in ncitrode- 
gcneralivc diseases such as Alzheimer's disease. 

Pseud oh mi or cerebri (benign intracranial hypertension); Increased resis¬ 
tance to CSK outflow. Seen in young obese women who present with 
headache and visual changes. Exam reveals papilledema* increased ICP 
(detected by lumbar puncture), and slit-like ventricles on neuroiniaging. 


to 


MNEMONIC 


Pseudotumor cerebri can be caused by 

A LOT A Stuff: 

Amiodarone 

Lupus 

Oral contraceptives 
Tetracycline 
Vitamin A in high doses 
Steroids 


The site of ventricular dilation can point to the site of mechanical blockage in 
CSK flow: 

1. Dilated lateral ventricles blockage in the foramen of Monro* 

2. Dilated third ventricle and lateral ventricles —> blockage in the aqueduct. 

1. Dilated aqueduct, third ventricle, and lateral ventricle —» blockage in the 

fourth vent ride* 

Blood Supply 
The Circle of Willis 

The circle of Willis is a network of arteries that sits at the base of the brain 
in the area encircling the optic chiasm and pituitary gland. It is fed by two 
major arterial systems: the internal carotids (anterior circulation) and the ver¬ 
tebrobasilar systems (posterior circulation; see f igure 6*1 >). 


The internal carotid artery gives rise to several branches before joining the 
ci rcle of Willis: 

Ophthalmic artery: The first branch of the internal carotid gives rise to the 
central artery of the retina. Its occlusion leads to sudden-onset blindness* 
Anterior choroidal artery: Supplies the lateral geniculate body [associated 
with vision), globus pallidus, and internal capsule. 
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Internal tiafttid artery 


Basilar a rte'y 
wrh pontine 


Anlenw tfitenot 
ceretxMtar artery 


Poslnnor Infarto# 
C^roDQltar artery 


Posteecr 

ocmmuno^rsg artery 


Prate no* 
cerebral artery 


Superior 

corntoultar ortery 


figure 6 - r 3, The circle of Willis, viewed from the inferior aspect of the brain, looking 
up from below. At the center arc the optic chiasm and the pituitary gland. Note lunv Ihe basilar 
artery sprawls over the pons and how CN III emerges between the poslcriot coin inn im a ling 
artery (PGA) and the superior cerebellar artery The location ofCN IN predisposes it to com¬ 
pression by PCA anciiiysnis* 


Major components of the circle of Willis: 

Anterior cerebral artery (ACA): Supplies the medial aspect of the frontal 
lobes, including the lower extremity motor and senson cortices. 

Anterior communicating artery: Most common site of aneurysm in the cir¬ 
cle of Willis, giving rise *<> bitemporal lower quudruntanopiu. 

Middle cerebral artery (MCA): Supplies the lateral aspect of tlie brain, the 
trunk-focc-upper extremity area of motor and senson' cortices, and Brocas 
and Wernicke's speech areas. 

The lateral striate branches of llie MCA, which supply the internal cap¬ 
sule and basal ganglia, are known as the arteries of stroke (sec Table 6-5). 
Posterior cerebral artery (PCA): Supplies the occipital lobe. 

Posterior communicating artery: Another common site of aneurysms, 
which may be associated with CN III palsy. 


TABLE 6-5. Neurologic Deficits Associated With Stroke 

■ Mini 11 iinttu | luri tllittiiMtft II lit rnntmitll lllff tl i iinAiujiu 11 nmnirmAU I lui 11 il mi n f yum 11 irmir*;! ini i 111 r a n mmn44ii 

ACA MCA PCA 

Lower Aphasias (if dominant hemisphere); Visual field deficits with 

extremity apraxias (if nondominant hemisphere); macular sparing 

weakness face and upper extremity weakness 
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Vertebrobasilar system: 

Anterior spinal artery; Supplies the ventral portion of the spinal cord. 
Posterior inferior cerebellar artery (PICA): Supplies the medulla and the 
posterior cerebellum. 

Anterior inferior cerebellar artery (A1CA): Supplies the pons, CN VI1, and 
the inferior surface of the cerebellum. 

Pontine arteries: Supply the base of the pons, including the corticospinal 
fibers and CN VI. 

Superior cerebellar artery (SCA): Supplies the pons, the superior surface 
of the cerebellum, and CN VTT and VIII. 



KEY FACT 


The dural venous sinuses provide 
pathogens and neoplastic cells with 
a valveless path from the face/ 
sinuses through bridging veins to the 
brain. 


Dural Veins and Sinuses 

Superior cerebral (“bridging") veins drain into the superior sagittal sinus and 
the right transverse sinus to the confluence of sinuses. Meanwhile, the great 
cerebral vein of Galen drains deep cerebral veins into the straight sinus, 
lltough the left transverse sinus and to the confluence of sinuses (see Fig¬ 
ure 6-14). The superior sagittal sinus, great cerebral vein, cavernous sinuses 
(via tbe petrosal sinuses), and occipital sinus all drain into the confluence of 
sinuses, which in turn empties into the transverse, sigmoid, and finally the 
internal jugular vein, which drains into the superior vena cava. 


CLINICAL 

CORRELATION 


Cavernous sinus syndrome 

results from increased pressure 
in the cavernous sinus —» 

ophthalmoplegia and facial 
sensory loss. 


The cavernous sinus is a collection of venous sinuses surrounding the pitu¬ 
itary gland, it drains blood from the eye and superficial cortex and feeds into 
I be jugular vein (see Figure 6-15). 

'Hie cavernous sinus contains several structures. 

CN ill, CN IV, VI, V2, VI, and postganglionic sympathetic fibers that 
supply the orbit. 

CN III. CN IV, VI, and V2 are attached to the wall of the sinus; CN VI is 
free-floating. 


Superficial veins 


Internal cerebral 
vein 



Superior 

sagittal 

sinus 


Basal vein 


Great cerebral 
vein 


Tentorium 


Transverse 

sinus 


Straight 

sinus 


Confluence 
of sinuses 


figure 6*14, Venous sinuses of the brain. 
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Ophthalmic (V,) n. 
Maxillary ((V 5 ) n. 

Pia 

Arachnoid 


(VI) n. 


FIGURE 6-15. Cavernous sinus. Coronal cul through the cavernous sinus showing pas¬ 
sage of cranial nerves and internal carotid through the sinus. (Adapted, with permission, from 
Kasper DL, Branmvald K. Fauci AS. d al. fiumsoitV Principles of Internal Medicine, 16th cd. 
New York: McGraw-Hill. 2005: 2458.) 


Tlic internal carotid arteries pass through both sides of the sinus. 

Venous drainage from the face drains to the cavernous sinus, providing a 
route by which skin infections can reach the brain. 

Cerebral Cortex 

The cortex is composed of specialized regions which arc responsible for spe¬ 
cific functions. Tims, injury and lesions in different areas of the brain produce 
deficits appropriate to the function of that area (see Figure 6-16). Brodmann 
labeled different areas of the brain by number; some of these areas arc still 
referred to by these numbers (see Figure 6-17). 

Organization 

The cerebral cortex is composed of six layers of cells; I lie relative size of each 
layer varies among regions of I lie brain. F.ach layer consists of different types 
of cells and is specialized to send and receive input to and from different areas 
of the brain. Layer 5 in the primary motor cortex is known for the large motor 
neurons of the corticospinal tracts known as Betz cells. 

The cortex is divided into the frontal, parietal, temporal, and occipital lobes 
(see Figure 6-16). Major fissures and sulci (grooves) separate the different 
lobes: The sylvian fissure divides the temporal lobes from the rest of the cor¬ 
tex; the central sulcus divides the frontal from the parietal lobe; and llic sagit¬ 
tal sulcus divides the brain into the left and right hemispheres. 

Frontal Lobe 
Location 

Anterior to the central sulcus. 
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Major Areas 

Prefrontal cortex, premotor cortex, primary motor cortex, frontal eye fields, 
Broca's area. 
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figure 6-16, Bask surface anatomy of the cerebrum, (A anti R) Major structures of 
note are lire four major lobes, precentral sulcus/gyrus, central sulcus, sylvian fissure, cingulate 
gyrus, corpus callosum, uncus, and Eiippocampa) gynu. 
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Area 42: 
Associative 
auditory cortex 


\ Areas 18-19: 

Area 41: Visual assoclalion areas 

Primary auditory cortex 


Area 8: 

Frontal eye-*^ 
movement and 
pupillary 
change area 


Area 6: 

Premotor area 
(part of extra- 
pyramidal circuit) 


Area 44: J 
Motor speech 
(Broca's) area 


Area 4: 
Principal 
motor area 


Areas 3-1-2: 
Postcentral principal 
sensory areas 


Areas 5 and 7: 

Sensory association areas 


Areas 39-40: 
Association areas 


Area 17: 
Principal visual 
cortex (sfrtafe) 


Areas 18-19: 

Visual association areas 


figure 6*17, Brodmann's areas of the brain. Areas of note include areas vd—2 - primary sensory cortex; area 4 - primary motor 
cortex; area N frontal eye fields; area 44 - Broca’# area: area 22 - Wernicke's area; and area 17 - primary visual cortex, f K (produced* 
will* permission, from Waxman SG, Svttroamttoiny with ClmicttlCnmldifam, 2>fh ed* New York: McGraw-Hill, 2001,) 


Functions 

Movement (primary motor and premotor cortex): Areas in charge ot 
movement include the primary motor cortex and premotor cortex, located 
anterior to the centra! gyms. The primary motor cortex is closest lo ihe 
central sulcus, and the premotor cortex is located more anteriorly. The pre* 
motor cortex is responsible for planning movements, whereas the primary 
motor cortex executes the movements via the descending motor neurons 
of the corticospinal tract. Areas of the motor cortex correspond geographi¬ 
cally to the body parts they control, as mapped out by the homunculus 
(see Figure 6-18). 

** Lesion of a motor strip —> spastic paralysis of ihe contra lateral body part 
corresponding to the damaged area. 

Eye movements (frontal eve fields): The frontal eve fields (also known as 
area 8) control eye movements. 

Lesions of the frontal eye fields: 

Ischemic lesion (i.e. ( stroke): Eyes drift toward the side that is 
injured. 

Hyperactivity (i.e., seizure): Eyes drift away from the side of hyper¬ 
activity. 

Social judgment (prefrontal cortex): The frontal lobe is responsible for 
inhibiting impulsive thoughts to tailor behavior to fit social norms. 

Lesion of the prefrontal cortex —» disinhibition. For example, Phineas 
Gage, a formerly mild-mannered man who survived severe frontal-lobe 
damage, became rndt\ obnoxious, and defiant of social norms. 



KEY FACT 


Area looks like eyeglasses when 
turned sideways! 




MNEMONIC 


The eyes look toward a stroke, away 
from a seizure. 
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figure 6 - i b . Motor (A) and sensory (0) homunculi. (Rgurc A modified, with permission, from Ropper AH, Broun Rj I. Adaim 
and Victor's Neurology, 8th cd, New York: McGraw-Hill* 2005. Figure B modified, with permission. From Kandel F\R. Schwartz |Fk Jesse! 
TM, Principles of Neural Science, 4lh ed, New York: McGrau-1 (ill, 2000.) 


Language production (Broca's area): Brocas area or area 44 (see Figure 
6-17) is involved in language production. 

Lesion in Broca's area —> inability to produce coherent speech. Words 
spoken by the patient are incomprehensible. Patients appear to have 
difficulty forming words and speak very slowly and laboriously. Com¬ 
prehension is intact. 

Executive functions: Concentration, orientation* abstraction* judgment* 
mood* and inhibition of primitive reflexes. 

Lesion can lead to unmasking of primitive reflexes such as suckling, 
grasp, and rooting reflexes. 

Blood Supply 

Anterior cerebral artery (ACA) and middle cerebral artery (MCA), 

Parietal Lobe 

The parietal lobes arc located on the lateral to the sagittal sulcus and posterior 

to the frontal lobes. 




Location 

Posterior to the central sulcus. 


Major Areas 

Primary sensory cortex. 


Functions 

Sensation (primary sensory cortex): The primary sensory cortex is just 
posterior to the centra! sulcus and the primary motor cortex. Like the 
motor cortex, a sensory' homunculus represents the anatomical correla¬ 
tions (see Figure 6-17). '[’he ascending spinal thalamic and dorsal spinal 
tracts synapse in the thalamus and project to the primary sensory cortex, 
The primary sensory cortex then sends projections to the secondary and 
association cortices that integrate sensory' components into a cohesive 
interpretation. 

Lesion —> loss of tactile sensation in body parts corresponding to the 
injured area of the brain. 

Spatial relationships: Determination of rigid and left. 

Lesion —> Gcrstmann’s syndrome (lesion of the inferior parietal lobe 
of the dominant hemisphere). 

Right and left confusion. 

Finger agnosia: Inability to name and recognize one’s own fingers 
or others’ fingers. 

Dysgraphia and alexia: Inability to write and read. 

Dyscalculia: Inability' to make arithmetic calculations. 

Vision: Contralateral hemianopia and lower quadrantic hemianopia arc 
due to injury' to the optic tract that passes through the parietal lobe on the 
way to the occipital lobe. 

Attention: Visual and cognitive attention. 

Unilateral lesion: Contralateral neglect, for example, an individual 
with a rigid parietal lesion may fail to put clothes on their left side (c.g., 
will only put on the right shoe). May also reproduce the classic drawing 
of a clock with all the numbers on one side. 

Lesion of the dominant hemisphere: Apraxia, or inability to carry out 
learned movements. Patients often arc unable to perform an action 
when commanded to, but are able to imitate or perforin (lie action in 
response to other triggering stimuli. 

Bilateral lesions: BaTint’s syndrome, a form of visual agnosia, in which 
patients are unable to scan visual space and to grasp an object in space. 

Blood Supply 

MCA and ACA supply the region of the homunculus which supplies the leg. 

Occipital Lobe 
Location 

Most posterior region of the brain. 



KEY FACT 


Clarification: Dyslexia is congenital; 
alexia is acquired. 



KEY FACT 


The MCA, due to its central location 
at the branch point of the carotid 
artery in the circle of Willis (see 
Figure 6-13), is the artery most 
commonly involved in an embolic 
stroke. 


Major Areas 

Primary visual cortex, association visual cortex, 





Functions 


Vision {primary and association visual cortices): 

Visual pathway: Retina —> Fillers cross al the optic chiasm -> synapse at 
I lie lateral geniculate nucleus (LGN) —» primary visual cortex within 
the occipital lobe (see Figure 6-17), 

Visual signals arc processed through inputs from the primary visual cor¬ 
tex to the visual association cortex in the occipital lobe. 

Visual recognition (association cortices): 

i ,esion —> visual agnosia, the inability to recognize objects one sees. 
Lesion —» alexia without agraphia, the acquired inability to read while 
retaining the ability to write. 

Blood Supply 

Posterior cerebral artery (PCA). "I'lie calcarine cortex is supplied by the PCA, 
but the macula is supplied by the MCA. 

Temporal Lobes 

The temporal lobes Form two outpouchings of the cortex and contain struc¬ 
tures vital for hearing, memory, and emotion. 


Location 

Lateral to the sylvian fissure. 

Major Areas 

Primary auditory cortex, hippocampus, amygdala, Wernicke’s area. 



KEY FACT 


Types of memory loss include 
anterograde and retrograde. 
Anterograde — inability to create 
new memories after the injury. 
Retrograde =* inability to recall 
memories prior to the injury. 


Functions 

I tearing (primary auditor}'cortex): Located within the sylvian fissure. 
Auditory pathway: Cochlea —* CN VIII. —> medullar- cochlear nuclei —* 
fibers cross just prior to the superior olivary nuclei, along the lateral lem¬ 
niscus tract —> medial geniculate nucleus (MGN) —> primary auditor}' cor¬ 
tex (see Figure 6-17)* 

Lesion before the CN VIII decussation, proximal to the superior olivary 
nuclei unilateral hearing loss, even deafness. 

Lesion distal to the CN VI11 decussation, distal to the medullary- 
cochlear nuclei bilateral diminished hearing without deafness. 
Memory (hippocampus): The hippocampus is responsible for learning and 
consolidation of short-term memory, before memories are later integrated 
into the cortex. The hippocampus is part of the Papez circuit, which contains 
structures presumed to play a role in memory'and emotion (see Figure 6-19). 

S hippocampal lesion —> anterograde memory loss (inability to form new 
memories). 

Emotion: 'flic temporal lobe is part of the limbic system. Memory and 
emotion are intimately related, both structurally and functionally. 

hear: Emotional responses, such as the fear response, are mediated by 
the amygdala. 

Lesion ablation of the fear response, or Kluver-Bticy syndrome. 
Kluverdlucy syndrome includes psychic blindness (treating objects 
inappropriately), hypermetamorphosis (failure to recognize familiar 







FIGURE 6*19. Papez circuit The Piipez circuit vvus migiually proposed as a cirniii for 
memory and emotional processing, although il is not a Ime circuit, structures or the “circuir 
contribute to memory and emotional processing and comprise the limbic system. 


objects), increased oral exploratory behavior (puts everything in ones 
mouth), and hypersexuality and loss of sexual preference (mounts any¬ 
thing in sight). 

Sci/nre activity —* vivid hallucinations. 

Language comprehension (Wernicke’s area/area 22): Responsible for 
comprehension of language as well as production of coherent language. 
Lesion in Wernickes area: Patients are frustrated and unable to under¬ 
stand what is spoken to them. They produce speech fluently that con¬ 
sists of real words and phrases, but does not make any sense. 

The aphasia square (see Figure 6-20) demonstrates the various forms of 
aphasia. 

Broca's aphasia: /liability to produce words. 

Wernickes aphasia: Inability to comprehend language and produce 
coherent speech. 

Conduction aphasia: Inability to repeat after hearing a sentence. 
Transcortical aphasia: Inability to produce words or coherent 
speech; however, repetition is spared, 

Global aphasia: All language function is impaired. 
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DEEP BRAIN STRUCTURES 


Basal Ganglia 
Location 

Lateral to the internal capsule bilaterally. 

Structures 

Striatum (caudate + putamen), globus pallidus interims and extemus, and the 
substantia nigra (see Figure 6-21). 

Functions 

Initiation of purposeful movement (see Figure 6-22) via the direct and 
indirect pathways. 

Direct pathway: 

Cortex —> caudate/putamen —» globus pallidus interims -4 thala¬ 
mus -4 spinal cord. 

Dopamine (DA) activates this pathway. 

Indirect pathway: 

Cortex —> caudate/putamen —» globus palliclus extemus/subtha- 
lamic nucleus -4 globus pallidus interims —> thalamus -4 spinal 
cord. 

DA inhibits this pathway, 

DA is released into the caudate/putamen from neurons that originate 
in the substantia nigra. 

Lesions and corresponding deficits: 

Substantia nigra DA neurons -4 Parkinson s disease. 

Cholinergic neurons of the caudate and putamen -4 Huntington's 
disease. 

Subthalamic nucleus —> hemiballismm. 
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FIGURE 6-21. Major structures of the basal ganglia. 
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FIGURE 6-22. Basal ganglia direct and indirect pathways. (Modified, witf i permission, iVoin Kandet ER, Sdiwarl/ JH, Jcssel f M. 
Principles of Neural Science, dtli ed, New York: McGraw-Hill, 2000.) 


















484 


CHAPTER 6 


NEUROLOGY 


Thalamus 

Location 

Surrounding the third ventricle, just above the midbrain. 

Structures 

Nine nuclei (see Table 6-6 and Figure 6-23). 

Functions 

Sensory relay station: 

The thalamus receives sensory input of all sensory modalities. 

Sensory input is "filtered 

The thalamus sends processed signals to other areas of the cortex, 
Emotion: The thalamus is part of the Papez circuit, which is involved in 
emotion. 

Motor relay station: The thalamus receives input from the motor cortex 
ant! basal ganglia and sends signals to the descending motor tracts. 

Lesion -> motor and sensory deficits involving multiple areas of the 
body, and thalamic pain syndrome, which is pain perceived without 
an appropriate stimulus. 

Blood Supply 

Posterior communicating artery, anterior choroidal artery la branch of the 
internal carotid artery; see Figure 6-13). 


TABLE 6-6. Nuclei and Functions of the Thalamus 

KHiriinu^TtnaltiMk .rruiirtl»« i;t-uiiuijrimtnfiHmiiiiuiuiirmnrfifiii<< 1 >> 111111 11 uiuji m 11 nil ii*< m inirrLUHff* 4 , intflriliuiiHmtiitiittiji 1 >:a 


Nucleus 

Function 

Inputs 

Outputs 

Ventral 

posterior- 

lateral 

Relay sensory 

information from entire 

body except the head 

Spinothalamic tract, tactile 
sensory input from trunk 

and extremities. 

Primary sensory 

cortex 

Ventral 

posterior- 

medial 

Relay sensory 

information from the 

head 

Trigeminal trad, tactile 
sensory input from the 
face. 

Primary sensory 

cortex 

Ventrolateral 

Relay motor 

information. 

Cerebellum end basal 
ganglia. 

Primary motor 

cortex 

Ventroanterior 

Relay motor planning 
information. 

Motor input from frontal 

cortex* 

Premotor cortex 

Anterior nuclei 

Relay emotion/memory; 
part of Paper circuit 

Mammillary bodies. 

Cingulate gyrus 

Medial dorsal 

IMtl IMMtrifrtJJ UfMRIlH 1 miltft 

Relay cognitive 

information. 

snminiriiiiiillMtIAiiTlIiiiHmuntmufr 

Amygdala, substantia 
nigra, and temporal cortex. 

Prefrontal cortex 
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Internal 

medullary 

lamina 


Anterior 

nuclei 


Ventral 

anterior 

nucleus 


Dorsolateral 

nucleus 



Venlrai 
lateral 
nucleus Ventral 

posterolateral 

nuclei 


Medial (and 
midline) nuclei 

Posterior 
nuclei 


Geniculate 

bodies 


figure 6 - 23 , Thalamic nuclei The thalamus has two lobes, one on each side of the third 
ventricle. The genictilate bodies include the media) and latent! geniculate botltes/rtuelci that 
relay auditory and visual sensor} information, respectively. (Modified, with permission, from 
Waxmaii SO. Clinical Neurtntnatamw ZSth ed* New York: McGraw*HilI f 200?.) 


Internal Capsule 

The internal capsule is tlie site of convergence of all ascending and descend¬ 
ing white matter tracts to and from the cortex. 

Location 

White matter lateral to the thalamus and medial to the striatum (caudate and 
putamen; see Figure 6-24). 

Divisions 

Anterior limb, posterior limb, and genu (ihe bend between the anterior and 
posterior limbs). 

Anterior limb; Ascending sensory fibers. 

Posterior limb: Descending corticospinal tract. 

Genu: The bend or “elbow"; descending corticobu I bar tract. 



KEY FACT 
l_ 


lesions of the internal capsule are 

more likely to affect multiple areas 
of the body compared to lesions of 
the motor or sensory cortex. Cortical 
lesions generally involve isolated 
parts of the body, depending 
on the affected segment of the 
homunculus. 


KEY FACT 


Lesion -4 motor (genu, posterior limb) and sensory (anterior limb) deficits 
involving multiple areas of the body. 

Blood Supply 

Anterior limb from the medial striate branches from the ACA and Icnticulos- 
Iriate branches from the MCA, 

Hypothalamus 

The hypothalamus is involved in homeostasis and instinctive actions, such as 
eating, drinking, sleeping, and sex. Lake the thalamus, it is divided into several 
nuclei controlling these functions (see Figure 6-25 and Table 6-7). 


The lateral striate arteries are 

ihe penetrating arteries of the 
MCA and are called the ‘'arteries of 
stroke" because they are most often 
affected in stroke and in Charcot- 
Bouchard microaneurysms. 
Charcot-Bouchard microaneurysms 
occur in the walls of small 
penetrating vessels weakened from 
chronic hypertension. 
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Anterior 



Internal 

capsule 


figure 6-24. Axial cut of the brain through the internal capsule. Notice that descend¬ 
ing motor fibers for the face, ami, and leg (F f A, and L) run in front of ascending sensory fibers 
(f, a, and !) tn the posterior limb of the internal capsule. 



FIGURE s-25. Hypothalamic nuclei. 












table 6 - 7 . Hypothalamic Nuclei and Major Functions 


Nucleus 

Function 

Supraoptic and 
paraventricular nuclei 

Synthesizes ADH, oxytocin, CRH. 

Regulates water balance via ADH. 

Lesion diabetes insipidus. 

Anterior nucleus 

Temperature regulation (heat dissipation). 

Lesion hyperthermia. 

Stimulates parasympathetic nervous system. 

Preoptic 

Releases gonadotropic hormones. 

Sexual dimorphic nucleus: lesion -> arrested sexual development, 
impotence, amenorrhea. 

Suprachiasmatic 

nucleus 

Regulates circadian rhythms. 

Dorsomedial nucleus 

Stimulation -> obesity, disinhibition. 

Posterior nucleus 

Temperature regulation (heat conservation). 

Lesion ^ poikilothermia (poor thermoregulation). 

Stimulates sympathetic nervous system. 

Lateral nucleus 

Feeding center: Simulation increased eating (lateral nucleus 
causes you to grow laterally) lesion -> starvation. 

Mamillary body 

Damaged in Wernicke's encephalopathy (confabulation, amnsia). 
Hippocampus lomix —► mamillary body anterior nucleus of 
thalamus. 

Ventromedial nucleus 

Satiety center: lesion obesity, hyperphagia, "savage" behavior. 

Arcuate nucleus 

■ijMlIlliiWiliUiaMI—MWHW 

Produces hypothalamic releasing, inhibiting factors. 

Inhibits prolactin release via dopamine-/pfol3ctin*inhibiting factor. 


Diseases of the Hypothalamus 

Diabetes insipidus 

Lesion of Hie an Hdiu retie hormone (ADH) pathways to the posterior 
lobe of the pituitary glands leads to inappropriately low ADH secretion. 
Polyuria and polydipsia. 

Syndrome of inappropriate ADI I secretion 

Often clue to lung tumors that secrete ADI Mike hormone, or drugs that 
increase ADH secretion (carbama/.epmc, chlorprorna/ine). 
ii Manifests as fluid retention with hyponatremia. 

Craniopharyngioma 

Congenital tumor originating from remnants of Rathkes pouch. 

Often calcified, 

Most common supratentorial tumor and cause of hypopituitarism in 
children. 

Pressure on the optic chiasm results in bitemporal hemianopsia. 
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KEY FACT 


The pituitary gland or 
adenohypophysis is formed from 
an outpouching of the ectodermal 
diverticulum of the primitive 
mouth cavity, Rathke's pouch. 

The pouch ascends until it is 
adjacent to the neurohypophysis 
(a part of the hypothalamus), thus 
forming the adenohypophysis/ 
neurohypophysis complex that rests 
in the sella turcica. Remnants of 
Rathke's pouch may give rise to a 
craniopharyngioma. 


Pressure on ltie hypothalamus results in hypothalamic syndrome (loss 
of function of the hypothalamus}. 

Pituitary adenomas 

11 Although not official ly part of the hypothalamus, Hie pit nil ary is closely 
related both spatially and functionally. 

Location of 15% of clinically symptomatic intracranial tumors. 

! Rarely seen in children (unlike craniopluiryugiomas). 

Produces symptoms similar to those of craniopharyngioma (bitemporal 
hemianopia and hypothalamic syndrome). 

If endocrine-active, produce endocrine abnormalities (he., amenor¬ 
rhea, galactorrhea from prolactin-secreting tumor)* 


CEREBELLUM 


The cerebellum extends dorsally from the level of the pons at the base of the 
brain. Important structures include the vermis, situated medially, and the 
hemispheres on cither side. It is divided inter three lubes: the anterior, poste¬ 
rior, and flocculonodular (see Figure 6-26). Major functions include coordi¬ 
nation of movement and posture. The hemispheres control purposeful limb 
movements, while the vermis controls axial posture. Lesions of the cerebel¬ 
lum result in dysdiadodiokiucsia, essential tremor, and ataxia. 


Anatomy 

Peduncles 

Superior cerebellar peduncle: Contains major output from the cerebel¬ 
lum, the dentatothiilaiuic tract, and the major afferent pathway, the 
ventral spinocerebellar tract. 

Middle cerebellar peduncle: Contains incoming pontocerebellar 
fibers. 

Inferior cerebellar peduncle; Contains three major afferent tracts: the 
dorsal spinocerebellar tract, the cuneoccrebellar tract, and the olivocer¬ 
ebellar tract from the contralateral inferior olivary nucleus. 



Lingula 


Culmen 


Dscllve 

Fpliurru 

tuber'" 


CRUS 1 


Pyramis 


CRUS II 


& Uvula 


Nodulus 


tocculus. 


Faratfocculus 


Central lobule 


Prepyramidal 
fissure 


Posterolateral fissure 


Anterior lobe 
(paleocerebellum or 
spinocerebellum) 


Posterior lobe I 

{neocerebellum o 
panlocerebellum) 


Flocculonodular 
{arcohtcerebellum or 
veslibu locerebelf urn) 


Primary fissure 


Posterior superior 
fissure 


Horizontal 
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FIGURE 6-26, Lobes of the cerebellum. Anterior* posterior,and flocculonodular lobes. 
(Modified, with permission, from RopperAH* Broun IU I .\tltms tiutl Victnrs Neurolo* y. Xth 
ed P New York; McGraw-Hill* 2005: 71.) 



















Layers (see Figure 6-27). 

Molecular layer: Outer layer containing stellate cells* basket cells, and 
the dendritic arbor of Purkinjc cells. 

Prtrkiiijc celt layer: Contains cell bodies of Purkinjc cells. 

Granule layer: Innermost layer containing granule cells, Golgi cells, 
and cerebellar glomeruli. 

Cerebellar glomeruli: Consists of a mossy fiber rosette, granule cell 
dendrites, and a Golgi cell axon. 

Neurons and fibers (sec Table 6-8). 

Major Pathways 

Climbing fibers of the inferior olive project via the olivocerebellar tract to 
the cerebellar cortex and synapse on Purkinjc cells. 

Purkinjc cells of the cortex project to the dentate nucleus. 

Dentate nucleus cells project via the dcntatotlialamic tract to the ventral 
lateral nucleus of the thalamus. 




Mossy 


White matter 


Glomerulus 


Molecular layer 
Purkinje cell layer 

Granular layer 


Stellate cell 


fibers 


FIGURE 6*27. Histologic organization of the cerebellum. Purkinjc cells have trees of dendrites that spread alum* a plane perpen¬ 
dicular to the parallel fibers, forming a matrix of information processing. (Modified, with permission, from Knndd KR, Schwartz ]IL Jesscl 
TM. Principles of Neural Sctemx, 4llt ed. New York: McGraw-Hill, 200(1) 




































TABLE 6 - 8. Ne u rons and Fibers of the Cerebel lum 


Ceil/ 

Fiber 

Location 

if»iiuwiinijiita4fltMMMiianiiwiiHiiiiMMintiiminiiwHiininjtiMJiiHiiiiiiMH«ttu 

Pathway 

N EUHOTR ANSlttlTTER 

Purkinje 

cells 

Cell body in Purkinje cell layer; 
dendritic tree in molecular layer. 

Only output from cerebellar cortex. 

Receives input from parallel and climbing fibers. 

Project to cerebellar and vestibular nuclei. 

GABA 

Granule 

celts 

Cell body in granule cell layer; 
dendrites in molecular layer. 

Receive input from Golgi cells and mossy fibers. 

Project to Purkinje, basket stellate, and Golgi cells 
through parallel fibers. 

Glutamate 

Parallel 

fibers 

Molecular layer. 

Axons of granule cells. 

Glutamate 

Mossy 

fibers 

Cell bodies are in spinal cord, pons, 
and vestibular nuclei; terminate in 
granule layer. 

Originate in spinocerebellar, pontocerebellar, and 
vestibulocerebellar tracts. 

Terminate as mossy fibers on granule cells. 

Glutamate 

Climbing 

fibers 

HM—M— —t 

Cell bodies in inferior olivary nucleus; 
terminate in granule layer and 
molecular layer. 

Carry information from olivocerebellar tract to cerebellar 
nuclei and Purkinje celts. 

Aspartate 


Thalamic neurons project to the primary motor cortex. 

The motor cortex projects via the corticopontine tract and pontine nuclei. 
Pontine nuclei project via the pontocerebellar tract to the contralateral cer¬ 
ebellar cortex (mossy fibers). 

Cerebellar Dysfunction and Syndromes 

Cerebellar signs include the triad of: 

1. Hypotonia. 

2. Disequilibrium (loss of balance, truncal and gait ataxia). 

3. Dyssynergia (loss of coordination) includes dysmetria, intention tremor, 
dysdiadochokinesia, and coarse nystagmus that worsens with gaze toward 
the side of the lesion. 

Lesions of the hemispheres usually cause ipsilatcral cerebellar signs with 
ataxia of the extremities. 

Lesions of the vermis usually cause gait or truncal ataxia. 



KEY FACT 

■ 

BRAIN STEM 

i_ 



Brain stem lesions produce a 
Brown-Sequard-like syndrome: 

Ipsitateral loss of some functions 
and contralateral loss of other 
functions. Many of the tracts that 
traverse to and from the brain and 
spinal cord synapse and cross the 
midline within the brain stem. 


The brain stem lies between the thalamus and the spinal cord. It develops 
from the mesencephalon (midbrain), the mctencephalon (pons), and the 
liiyencephalon (medulla). It consists of three main components, in descend¬ 
ing order; midbrain, pons, and medulla (sec Figure 6*28), 

Midbrain 

The midbrain is the most superior aspect of the brain stem. It is important 
in several common syndromes that occur with strokes or other lesions in this 
area (see Figures 6-29 and 6-30 and Tables 6-9, 6-10, and 6-11). 


Blood supply: PC A, 

Consists of a dorsal tectum (roof), an intermediate tegmentum (floor), and 
a base. 



























Midbrain 


figure 6-28. Brain stem. Basic parts of the brain stem include the uddbram, pons, and 
medulla, Tegmentum = ‘"floor"; tectum = “roof." (Modified, with permission, from Waxiuan 
SC. Clinkm Neumanatomy^ 25th cd f New York; McGraw-Hill, 2(M)3.) 



FIGURE 6-2 9. Cross-section of the midbrain. The tectum is above the aqueduct the 
tegmentum below. 


Cornpruii-aiuri ol lectum 
LPemrmud's ayndromo) 



linnodiKi % 
syndrome 


Alternating (Eupenor) 
oculomotor homiptegta 
{Wobar K & syndrome]' 


Posterior 

cerebral 

Artery 


FIGURE 6 - 30 . lesions of the midbrain. Parmaud's, Benedikfs, and Weber's syndromes. 





TABLE 6*9* Parinaud's Syndrome; Lesion of the Dorsal Tectum of the Midbrain 


Structure 

Deficit 

Superior colliculus and 

Paralysis of upward and downward gaze, pupillary disturbances, 

pretectal area 

absence of convergence* 

Cerebral aqueduct 

Obstruction leads to noncommunicating hydrocephalus* 

■iWig |i i| i ji ■IHfltltniiTI—i i iWTT iimiiT—pnwlmir ■ ■ — mi mHiii ■■imilllll II— I ■■Mil III 11 l b rilTtriitl 111! 

Pons 

I-FIIIP IU1IB1H’ 11 Till il | PM 1 llini—HilUlilHIIMMlAFlHlffUJ JiPWM—f H 1 lllfl * 1 i ■ P ■ 1 IMIllUMIJ 


The pons is the region of the brain stein shown in Figure 6-31. 

Illood supply: Paramedian branches of the basilar artery and anterior infe¬ 
rior cerebellar artery (AICA), 

Contents (sec Table 6-12). 



KEY FACT 


Charcots triad of MS includes: 

]. Scanning speech 

2. Intention tremor 

3. Nystagmus (MLF syndrome; see 
above) 



KEY FACT 


Key elements in control of gaze 
(see Figure 6-33). Frontal eye fields 
-+ pontine paramedian reticular 
formation -> CN VI nucleus -f 
lateral rectus and MLF CN 111 
nucleus -> medial rectus* Any lesion 
along this path leads to failure of 
lateral conjugate gaze 


The pons contains an important structure for conjugate gaze, known as 
the medial longitudinal fasciculus (MLF). The MLF connects ihe CN 
III nucleus with the contralateral CN VI nucleus to achieve lateral con¬ 
jugate gaze. A lesion of the MLF produces MLF syndrome (intcrnuelear 
ophthalmoplegia); 

Medial rectus palsy on attempted lateral conjugate gaze and nystagmus in 
the abducting eye. 

Often seen in multiple sclerosis (MS). 

Caloric nystagmus is used to test brain stem function* Nystagmus has two 
phases; a slow phase in one direction (abnormal movement), followed by a 
fast phase (correcting movement) in Ihe opposite direction. The direction of 
nystagmus is determined by the direction of the fast phase {see Figure M2). 

Conscious: 

Cold water irrigation of the external auditory meatus —* nystagmus 
toward the opposite side. 

Warm water irrigation of the external auditor)' meat us —> nystagmus 
toward the same side. 

Unconscious with brain stem intact: Cold water irrigation leads to devia¬ 
tion of the eyes toward the same side. 

Bilateral MLF lesion: Cold water irrigation leads to deviation of only the 
ipsilateral eye toward the same side* 

Low brain stem lesion: No response. 


table 6 - f 0, Benedikfs Syndrome: lesion of the Tegmentum of the Midbrain 


Structure 

Deficit 

CM 111 nucleus/ 

root 

Ptosis (paralysis of the levator palpebra muscle), fixed and dilated 
ipsilateral pupil, complete ipsilatera! oculomotor paralysis, causing 
the eye to be "down and out” due to unopposed actions of the lateral 
rectus (CN VI) and superior oblique (CN LV) muscles. 

Dentatothalamic 

fibers 

Contralateral cerebellar dystaxia with intention tremor 


Medial lemniscus Contralateral loss of tactile sensation from the extremities. 
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TABLE 6*1 i * Weber's Syndrome: Lesion of the Base of Midbrain 


Structure 

Deficit 

CN HI nucleus/root 

See Table 6-9, 

Corticospinal tracts 

Contra lateral spastic paralysis of extremities. 

Corticobulbar fibers 

Contralateral weakness of the lower face (CN VII), tongue (CN XII), 
and palate (CN X); the uvula is pulled toward the normal side, and 
the protruded tongue points to the weak side, 

8 ■ ■« it , • a in i-iii #8 Bn; ■ in ■■ rnnoi IIAHIIIliitmillllHi 8 ■ i * t Fil 1.1111 If 8 11 8:9 *’18 8 Aii8 ■ 1 ■ ■ lA 

Medial longitudinal fasciculus 



Lai era I interior 
pontine syndrome 


Medial inferior j 
pontine syndrome 


61 h N. nucleus complex 


Vestibular nucleus 
Restiform body 
7ih N. nucleus 

Dorsal cochlear nucleus 
Descending tract and nucleus of 5th N. 

trad 

N. 

Middle cerebellar peduncle 
Medial lemniscus 

6th N. 

Corticospinal and 
corticobufar tract 


Pontine 
ponio-cerebelar fibers 


F tCU ft E 6 - 3 T, Cross-section through the pons. Note the regions of the lateral inferior pontine syndrome and medial inferior pon¬ 
tine syndrome due to occlusions of the imlcrior inferior cerebellar artery and the paramedian branch of the basilar artery. { Modified, with 
permission, from Hopper All, Brown Rl I Adams and Vidors Neurology, Hth cd, New York; MeGr;iw-l I ill, 20Q5t 6SV) 


table 6*12, Contents and Lesions of the Medial Pons (Result From Occlusion of 
Paramedian Branches of the Basilar Artery) 


Structure 

Defidt 

Medial longitudinal 
fasciculus 

Medial longitudinal fasciculus (MLF) syndrome (see below). 

Abducent nucleus (CN VI) 

Lateral rectus patsy. 

CN VII (tower motor 
neuron) 

Bell's palsy without forehead sparing. 

Medial lemniscus 

Loss of facial pain and temperature sensation. 

Corticospinal tract 

He mi pa res is. 
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MNEMONIC 


Remember the direction of nystagmus 
with COWS. 


Lesion 

Basal eye 
position 

Rotate head left 
calorics right ear 

Rotate head right 
calorics left ear 

Norm at 
response 

«*><*> 

<*><*> 


Righl 
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<m><9> 

<*><€> 

<*><*> 
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FIGURE 6 - 3 l * Responses to cold caloric testing in brain stem injury. PPRF = pontine 
paramedian rcltcular formation; Ml.F= medial longitudinal fasciculus. 



figure 6 - 33 . Elements of control of lateral conjugate gaie, 1 .R = Literal rectus; MLF 
- medial longitudinal fasciculus; MR — MKDIAL RFCTUS; VN = vestibular nuclei. 













NEUROLOGY 


CHAPTER 6 


495 


Other important clinical correlations: 

Acoustic neuroma (schwannoma): Benign tumor of the Schwann cells 
of CN VIII that arises in the area of the internal auditor)' meatus and 
cerebellopontine angle* Seen in neurofibromatosis II (NF II). 

CN VIII —> tinnitus, unilateral nerve deafness, vertigo, nystagmus, 
nausea, vomiting, unsteady gait (see Table 6-15)* 

CN VII —> ipsilateral facial weakness and loss of corneal reflex 
(efferent limb)* 

CN V —> paresthesias, anesthesia of the ipsilateral face, loss of cor¬ 
neal reflex (afferent limb)* 

"Locked-in” syndrome: Lesion of the base of the pons from infarc¬ 
tion, trauma, tumor, or demyelination. 

Affects bilateral corticospinal and corticobulbar tracts —» complete 
paralysis from head to toe. 

Spares the oculomotor and trochlear nerves —» patient only able to 
communicate with vertical eye movements* 

Central pontine myelinolysis: Lesion of the base of the pons, associ¬ 
ated with alcoholism or rapid correction of hyponatremia. 

Affects the corticospinal and corticobulbar tracts —> spastic quad- 
riparesis, pseudobulbar palsy, mental changes; may progress to 
"locked-in" syndrome. 


Medulla 

Blood supply: Anterior spinal artery, posterior inferior cerebellar artery 
(PICA)* 

Contents are shown in Figure 6-34* 

Lesions result in important clinical syndromes (see Tables 6-14 and 6-15). 
Wallenberg syndrome is particularly common as a result of cither stroke in 
PICA or vertebral arteries. 

Other functions of the medulla include: 

Vomiting center: Neurons at the base of the fourth ventricle sample CSF 
and send inputs to the vomiting center 

Respiratory regulation: At low blood pH, receptors in the medulla activate 
the reticular formation (a diffuse group of neurons controlling vital func¬ 
tions) within the medulla. The phrenic nerve is then activated via CN IX 
and X, stimulating contraction of the diaphragm. 

Lesion —> respiratory' depression, decreased response to hypercapnia. 
Consciousness: Disruption of the reticular formation secondary' to lesions 
or alterations in neurotransmitters may lead to changes in consciousness 
(i*e. t coma) and even death. Injuries of the reticular formation may result 
from neck trauma, tumor, and cerebellar herniation due to increased ICP. 




MNEMONIC 


The cerebellopontine angle is the 
angle formed by the cerebellum, 
pons, and medulla. Five brain 
tumors are often found here 
(SAM EE): 

Schwannoma 
Arachnoid cyst 
Meningioma 
Ependymoma 
Epidermoid 



KEY FACT 


NF II often occurs with bilateral 
acoustic neuromas. 



KEY FACT 


The medulla is the level at which 
the corticospinal tract crosses 
the midline (decussates). The 
crossing fibers of the corticospinal 
tract comprise the pyramidal 
decussation* 



KEY FACT 


Horner's syndrome: 

■ Ptosis 
» Miosis 

* Hemianhidrosis (lack of 
sweating) 

■ Apparent enophthalmos 
(sunken eyeball) 


table 6-13, Medial Medullary Syndrome 


Structure 

Deficit 

Causes of Homer's syndrome 

Corticospinal tract 

Contralateral spastic hem [paresis* 

include Pancoast tumor, carotid 
artery dissection, and upper brachial 

Medial lemniscus 

Contralateral loss of tactile and vibration sense from trunk and 

extremities. 

plexus injury* 

CN XII nudeus/fihers 

Ipsilateral flaccid he mi para lysis of the tongue (tongue points to 
side of lesion)* 




















Medial longitudinal fasciculus 


12th N. nucleus 



Restiform body 

Nucleus ambiguus motor 9+10 
Descending sympathetic tract 


Cerebellum 


Medial lemniscus 

Tractus solitaries with nucleus 

Vestibular nucleus 


Lateral 

Medial medullary syndrome 


Pyramid 


Descending nucleus and trad - 5th N, 


Dorsal spinocerebellar tract 


10th N, 

Ventral spinocerebellar tract 


Inferior olive 

Spinothalamic tract 


figure 6-34, Cross-section through the medulla. Note the regions involved in the lateral medullary syndrome and medial medul¬ 
lary syndrome clue to occlusion oflhe posterior inferior cerebellar artery and anterior spinal artery, (Modified, with permission, from Hop¬ 
per AH* Brown RI l. Adaim and Victor's Neurology, Hi 1 1 ed* New York: iVleGrnwd [ill, 200?: 67iS.) 


BP regulation: Receptors in the medulla, the carotid bodies* and the aorta 
sense stretching ol the vessel and send signals to the medulla to increase or 
decrease BP as needed, 

Lesion —* hypotension* orlhopnea. 


NEUROTRANSMITTERS 


Several important ncurotnmsmitiers have unique functions in the brain* They 
arc associated will] certain groups of cells that control their release, where 
they arc found in high concentrations (see Table 6-16). 


table s -1 4. lateral Inferior Pontine Syndrome (Result of Anterior Inferior Cerebellar 
Artery Occlusion) 

Structure 

Deficit 

Lateral spinothalamic tract 

Loss of contralateral pain and temperature sensation. 

CM VNI nuclei 

Vertigo, hearing loss, tinnitus* 

CN VII 

Bell's palsy without forehead sparing. 

















TABLE 6 -1 S, Lateral Medullary/WallenbergVPosterior Inferior Cerebellar Artery Syndrome 


Structure 

Deficit 

Vestibular nuclei 

Nystagmus, vertigo. 

Inferior cerebellar peduncle 

Ipsilateral cerebellar signs. 

Nucleus ambiguus 

Dysarthria, hoarseness, dysphagia, toss of gag reflex. 

Spinothalamic tracts/spinal 
trigeminal nucleus 

Contralateral toss of pain and temperature sensation 
from trunk and extremities, with ipsilateral loss of pain 
and temperature sensation in the face. 

Descending sympathetic tract 

h urn i , tiujumim i :Y/iutli iiruuartnuUumuiinai 

Ipsilateral Horner's syndrome, 

Pti iJlililrrtitnttffMitilf iiimi u * i4f (fll iRiiujtnr»mMlFm4i»£'tt4!l1*l 1 ti ■ i tnitijMitimM* »i?i4 lllJlIM llfr 


[ SPINAL CORD i 


The spinal cord continues candally from (he brain stem as a loin; cord-like 
structure which gives off branches along the length of the spine. 

Blood Supply 

Anterior (I) and posterior (2) spinal arteries* 

Function 

The spinal cord carries informalinn from the brain and brain stem to different 
parts of die body. 


TABLE 6-16* Neurotransmitters of the Nervous System 


Neurotransmitter 

Acetylcholine 

Dopamine 

Norepinephrine 

tn*i*rn- tiiuunmi if mi 1 1 mt fftra 

Serotonin 

Functions 

Peripheral nervous system. 

Movement, 

Anxiety, panic attacks. 

Depression. 


Neuromuscular junction* 

Reward pathway. 

Mood disorders. 



Parasympathetic nervous system. 

Controls release of 




Preganglionic sympathetic fibers. 

prolactin. 




Postganglionic sympathetic fibers of 
sweat glands and blood vessels* 




Major sites in the 

Nucleus basalis of Meynert 

Substantia nigra of 

Locus ceruleus of pons 

Raphe nucleus of 

brain 

(degenerates in Alzheimer's disease)* 

mid brain (degenerates 
in Parkinson's disease)* 

and midbrain* 

the brain stem. 


Caudate and putamen (degenerates in 
Huntington's disease). 


Arcuate nucleus of 
hypothalamus* 


urn 


Mll ll 




MrtvHnmi 


lll+tlillllrlflkMMJ 
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Levels of the Spinal Cord 

In the cervical region, the spinal cord level shares the same number as the 
spinal segment below it. In other spinal regions, however, it shares the same 
number as the spinal segment above it; Kadi segment receives sensory inpul 
from dermatomal regions of the body and sends motor output to myotomal 
regions (see Figure 6-35 and Table 6-17), 

Cervical (C1-C8) 

Thoracic (TI-T12) 

Lumbar (LI-L5) 

Sacral (SI-S5) 

« Coccygeal 


Peripheral rnivB 


Pirlspharal rvtrrvo 



AnkKlW IffmOffll CUtlWWtHJfl 


Supfliticuv! 


- 

Lull’ll il and piinlar 

Deep par weal ——- 



FIGURE 6-15. Cutaneous innervation (anterior and posterior views). (A) Cutaneous innervation (anterior view). The segmental or 
radicular (nerve root) distribution is shown on the left side of the body, and the peripheral nerve distribution on the rigid side of the body, 
l B) Cutaneous innervation (posterior view). The segmental or radicular (nerve root) distribution is shown on the left side of the body, and 
the peripheral nerve distribution on the right side of the body. 
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TABLE 6-17* Major Motor and Sensory Nuclei 

Willi I I|M Hi il II 11 |i|) mi 1 1 1| | imwilllltllll m 1 Hi I Ml limrciDUJJililildntil IM»itiTH*ilfifri n H f r F B l , ff ■ iirrt(Jliiiiiiti|i 


Name 

Segment 

Function 

Cilrospinal center of Budge 

C8-T2 

SN$ innervation of the eye 

Intermediolateral celt column 

C8-L3 

SNS innervation of the body 

Nucleus dorsalis of dark 

C8-L3 

Dorsal spinocerebellar trad 

PNS nucleus 

S2-S4 

Sexual, urination, defecation 

Spinal accessory nucleus 

C1-C6 

CN XI functions 

Phrenic nucleus 

C3-C6 

Diaphragmatic movement 


imwh nmUlifm i it iftiimrf Hnim 


Unique Structures 

Cauda equina: At the caudal end* I he spinal cord splits into limit i pie sepa¬ 
rate motor and sensor) 1 roots, called I he eauda equina, which vxils the ver¬ 
tebral canal through the lumbar intervertebral and sacral foramina. 

Conus medul laris: The median cord remaining in the spine follow ing the 
deviation of the eauda equina, lerminatcs at 13 in newborns and at the 
lower border of LI in adults (see Figure 6-56)* 


KEY FACT 


Cauda equina = "tail of the horse" 


KEY FACT 


During growth, the spinal column 
elongates much more than does the 
spinal cord within it Thus, the spinal 
cord terminates at a more cranial 
level in adults than in newborns. 



A. Cauda equina syndrome 


B. Conus medullar is syndrome 


figure 6-16* Cauda equina versus conus medultaris syndrome* {A) Cauda otjiiina syndrome- is characterized bv preservation nf 
sexual function, muscle atrophy* unilateral pain ami areflexia* and a slow progrewiim, (B) ( Unnxs uiedtdfum syndrome is characterized In 
sexual dysfunction, bilateral mild pain* inconlincuec, and presentation of reflexes. 
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m mmm 


Dorsal root 



Intemeurgn 

releasing 

inhibitory 

transmitter 


lb fiber from 
Golgi lend on organ 


Ventral root 

la fiber from 
muscle spindle 


Alpha 

motor 

neuron 


figure 6-37, Myotatic reflex pathway. Diagram of the myotatie/strcteh reflex. The lb 
Colgi tendon organ fiber transmits information about tension in the tendon. (Modified, with 
permission, from Wawnan SC. Clinical \vurntmaiamv. 25th cd, New Ybfk: MeC havv-l fill. 
2001 .) 


Myotatic Reflex 

The myotatic reflexes are monosynaptic, ipsilalera) muscle stretch reflexes, 
also known as deep tendon reflexes. Interruption of either the afferent or effer¬ 
ent limb results in areflexia. The pathway of flic myotatic reflex is as Inflows 
(see Figure 6-37): 

Afferent limb: Muscle spindle (receptor) —> dorsal root ganglion neuron 
—> la fiber. 

Efferent limb: Ventral born motor neuron —> striated muscle (effector). 

Reflexes and Corresponding Levels 

Reflexes are used to test the integrity of the spinal cord at their corresponding 
levels (see I able 648). 

Cross-Section of the Spinal Cord 

Cray matter: Central “butterfly” that contains the cell bodies of neurons 
that send projections either to the periphery or up through the spinal cord 
tracts. 

While matter: Mvelinatcd tracts of the spinal cord. 


TABLE 6-18. Deep Tendon Reflexes 


«i ... 

Muscle Stretch Reflex 

Coro Segment 

Muscle 

Ankle jerk 

SI 

Gastrocnemius 

Knee jerk 

L2-L4 

Quadriceps 

Biceps jerk 

C5-C6 

Biceps 

Forearm jerk 

C5-C6 

Brachioiadialis 

Triceps jerk 

C7-C8 

Triceps 


















FLASH BACK 


Gray communicating rami: Contain unmyelinated postganglionic sympa¬ 
thetic fibers. 

White communicating rami: Contain myelinated preganglionic sympa¬ 
thetic fibers. Found only from T1 to L3 in conjunction with the lateral 
horn and intermediolateral celt column. 

White vs. gray matter mass throughout the spina! cord: 

The ratio of gray:wliilc matter in the cross-section of the cord increases 
as you travel down die spinal cord. 

Tracts of the Spinal Cord 

'The spinal cord is similar to a bundle of electrical wires with various types of 
information traveling along their respective paths (see Figure 6-38). 

Motor pathways travel away from the brain. The names of motor path¬ 
ways begin with the brain structure and end with -spinal (i.e., rubrospinal 
tract}. 

Sensory’ pathway's travel toward the brain. The names of sensory' pathways 
begin with spino- and end with the brain structure (i.e.. spinothalamic 
tract). 


L« 

The intermedia lateral cell 
column contains neuron cell 
bodies tor the entire sympathetic 
system. It appears as the lateral 
horn jutting out of the butterfly 
from C8 to L3. Fibers arising from 
the intermediolateral cell column 
then exit the spinal cord via the 
white communicating rami from 
segments T1 to L3. 


Corticospinal Tracts 

The major motor tracts from the cortex. Conduct signals directing purposeful 
actions (see Figure 6-39). 

Lateral corticospinal tract: Mediates voluntary' skilled motor activity, pri¬ 
marily of the upper limbs. 

Origin: Cell bodies are the giant cells of Betz in layer V of the cortex 
(see Figure 6-39). 

Premotor cortex (Brodmatin’s area 6). 

Primary motor cortex (Brodinann’s area 4). 

Primary sensory cortex (Urodmann s areas 1. 2, and 3). 

Course: 

Cortex: The axons of the cells of Betz pass through the brain as the 
posterior limb of the internal capsule, which then forms the crus 
cerebri as it enters the midbrain. 


Ascending Iracts \ Descending tracts 

i 

i 

i 



Ventral spinocerebellar tract 

Lateral spinothalamic 

Ventral spinothalamic tract 


Lateral corticospinal tract 


Vestibulospinal tract 


Ventral corticospinal tract 


Gracils fasciculus \ 
Cuneate fascicuius 


FIGURE 6-Js. Tracts of the spinal cord. 










502 


CHAPTER 6 




KEY FACT 


Before the decussation, the lateral 
and anterior corticospinal tracts run 
together. At the decussation of the 
pyramids in the medulla, B5°/o-90% 
of corticospinal fibers decussate 
and form the lateral corticospinal 
tract while the remaining 
10^b*i5°/o continue as the ventral 
corticospinal tract 


KEY FACT 


The lateral corticospinal trad 
inhibits the Babrnski reflex 

(extension of the big toe and 
flexion of the remaining toes). 
Because myeiination of the lateral 
corticospinal trad is notcomplete 
until the second year of life, children 
< 2 years old have a positive 
Babinski's sign. Any UMN lesion or 
lesion of the trad above the alpha 
motor neuron synapse (Le, spinal 
cord, cortex) also results in a positive 
Babinski's sign. 


Motor cortex 
(precentral gyrus) 



Posterior limb 
internal capsule 


Lenticular nucleus 


Caudate 


CN Xli 


Crus cerebri 


CN III 


Pyramid 


Late rat corticospinal tract 
(crossed axons of neuron I) 


Large pyramidal 
cells of Betz 


Medulla 


Ventral corticospinal tract 
(uncrossed axons of neuron I) 


Genu of 
internal capsule 


Anterior limb of 
internal capsule 


Corticospinal tract 


Mldbraln 


Pons 


Longitudinal fibers in 
basilar portion of pons 


I 


Medulla 

decussation 


Spinal cord 

—Ventral while commissure 


FIGURE 6-39, Lateral and ventral corticospinal tracts. The ventral and lateral tracts devi¬ 
ate from each other at the level of the medulla. 


Brain stem: The fibers continue through the brain stem and decus¬ 
sate in the medulla, forming the medullar) 1 "pyramids,” 

Spinal cord: The axons travel along the corticospinal tract in the 
lateral aspects of the spinal cord. 

Termination: The fibers synapse onto intemeurons within the adjacent 
gray matter, which then synapse onto alpha motor neurons within the 
ventral horn of the spinal cord. 

Transection: 

Above the decussation, injury results in contralateral spastic paresis 
and Babinski's sign. 

In the spinal cord, transection results in ipsi lateral spastic paresis 
and Babinski's sign. 
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Ventral corticospinal tract: Mediates posture and gross movements involv¬ 
ing the neck and trunk and lower limbs. 

Origin: Premotor cortex (Rrodnianil's area 6). 

Course: Same as that of the lateral corticospinal tract until the decus¬ 
sation of the pyramids in the medulla, where the ventral corticospinal 
tract does not decussate and continues ipsilaterally along the ventral 
white matter of the spinal cord. 

Termination: The fibers then terminate bilaterally near the level of exit 
of the corresponding alpha motor neurons. Decussating fibers form the 
ventral white commissure. Axons then synapse on alpha motor neu¬ 
rons in the ventral horn of the ipsilateral and contralateral spinal cord. 
'These motor neurons innervate axial muscles used in balance and 
posture. 

Transection —* axial/truncal instability (transaction in the brain 
stem and spinal cord have the same manifestation because this tract 
is uncrossed). Unilateral transection results in more subtle defects 
because the axial muscles have bilateral innervation, 
f iypothalamospiiia! tract: Carries autonomic information from the 
hypothalamus. 

Origin: Hypothalamus. 

Course: Travels from the hypothalamus through the lateral tegmentum 
of the brain stem and down through the dorsolateral quadrant of I lie 
lateral funiculus. 

Termination: Ciliospinal center of the intcrmcdiolateral cell column at 
T1-T2. 

Transection —> Horner's syndrome: Ipsilateral miosis, ptosis, hemian- 
hidrosis, and apparent cnopht ha linos. 

Other motor tracts: Mediate coordination of movements and balance. The 
specific functions arc beyond the scope of Step 1. 

Vestibulospinal Iract 
Rubrospinal tract 
Sensory pathways 

Sensory 1 receptors: Pacinian corpuscles, Meissners corpuscles, joint 
capsule receptors, muscle spindles, Golgi tendon organs. 

First-order neurons: Cell bodies arc located in the dorsal root ganglia. 
Dendrites terminate as receptors in the periphery 7 . Axons project In the 
spinal cord and give rise to the following: 

The graeile fasciculus arises from sensory axons from the lower 
extremities. Ascends the spinal cord and synapses on the graeile 
nucleus. 

"lire cuneate fasciculus arises from sensory axons from the upper 
extremity. Ascends the spinal cord and synapses on the cuneate 
nucleus. 

Dorsal column-medial lemniscus pathway: Mediates tactile discrimi¬ 
nation, vibration sensation, form recognition, and conscious proprio¬ 
ception (joint and muscle sensation; see Figure f>40). 

Spinal reflex collaterals dial branch off the main axon and synapse 
on la fibers (see “myotatic reflex'"). 

Second-order neurons: 

Cell bodies: Graeile and cuneate nuclei of the caudal medulla. 
Axons: Decussate as internal arcuate fibers, form the medial lem¬ 
niscus, and then ascend the contralateral brain stem. 

Termination: Synapse on neurons of the ventroosterolatcra 1 (VPL) 
nucleus of the thalamus. 

Third-order neurons: Located in the VPL nucleus of I he thalamus. 
Axons project through the posterior limb of the internal capsule to the 



KEY FACT 


Since the cuneate fasciculus 

carries sensory axons from the 
upper extremity to the spina! cord, 
it does not exist below T2 r the most 
inferior level of nerves supplying the 
upper extremity 




Postcentral gyrus 



figure s-40* Dorsal column-medial lemniscus pathway* I inpnlscs Iron 1 1 igbt lout. 1 1 1 . 
pressure, ;mcJ vibration travel along this pathway. 


primary somatosensory cortex (Rrodniauns areas I, 2, in llic post- 
central gyrus* 

Transection 

Above the decussation of liie internal arena I c fibers —* contra* 
lateral loss of fine touch, vibration, and proprioception. 

In llie spinal cord —> ipsilateral loss of modalities. 

Lateral spinollialannc tract: Mediates pain and temperature sensations (sec 
Figure 6-41 ). 

Receptors: Free nerve endings divided into fast and slow conducting 
pain fibers (A and G fibers, respectively). 


















Cerebral cortex 
(postcentral gyrus) 



FIGURE 6-4 1. Spinothalamic tract. 


First-order neurons: Cell bodies arc found in the dorsal root ganglia. 
Dendrites terminate as free nerve endings. Axons project to the spinal 
cord and ascend or descend a few levels within the tract of lissauer 
(lateral root entry zone) before synapsing ipsilaterally on second-order 
neurons. 

Second-order neurons: Cell bodies arc found in the dorsal horn. Axons 
decussate in the ventral white commissure and ascend in the contral¬ 
ateral lateral funiculus. Axons terminate in the VP1 - nucleus of the 
thalamus. 

Third-order neurons: Like those of the dorsal column-medial lemnis¬ 
cus tract* third-order neurons are located in the VPL nucleus of the 
thalamus. Axons project through the posterior limb of the internal cap¬ 
sule to the primary somatosensory cortex (Brodmann s areas 3-1-2) in 
(lie postcentral gyrus. 

Transection —> contralateral loss of pain and temperature sensation 
below live lesion. 



KEY FACT 


Both the dorsal column-medial 
lemniscus and the spinothalamic 
tract follow the same rule: Primary 
afferents synapse ipsilaterally and 
then secondary afferents synapse, 
then cross. The decussations just 
occur at different levels. 
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KEY FACT 


Fasciculations arc coordinated 
spontaneous depolarizations ot 
a sroup of muscle fibers that are 
innervated by one motor neuron. 

Fibrillations are small spontaneous 
depolarizations of a single muscle 
fiber that has been denervated, 



KEY FACT 


Romberg's sign is a test for 
proprioception, The patient stands 
with feet together and closes the 
eyes. The examiner then gives the 
patient a gerufe push forward. The 
sign is positive if the patient falls or 
loses balance. 



FLASH BACK 


The nucleus pul post! s is the 

remnant of the notochord. 



MNEMONIC 


Divisions o! CN V exit owing to 
Standing Room Only. 

CN V): Superior orbital fissure 
CN M2: Foramen Rotundum 
CN MS: Foramen Ovale 


Brown-5£quaro Syndrome 

Hemisection of the spinal cord or the brain stem results in Brown-Sequard 
syndrome. The first-order neurons of the lateral spinothalamic Iracl, earn ing 
ipsilatcral pain and temperature sensation. Inverse within I assaucr’s tract a 
few levels up or down llie spinal cord before sytlapsing on second-order neu¬ 
rons. I herefore, if the lesion of the spinal cord involves Lissatier’s tract (i.c., 
in a complete hemisection), there will be ipsilatcral loss of pain and tempera¬ 
ture sensation within two levels of the lesion, as well as contralateral loss of 
pain and temperature sensation below the lesion (see Figure 6-42). 

Lesions of the Spinal Cord 

These result in various symptoms, depending upon which tracts are affected 
(see Table 6-19 and Figures 6-43 and 6-44). 


CRANIAL NERVES 


Twelve cranial nerves innervate the head and neck. Symptoms of lesions of 
the cranial nerves are important in localizing pathology within the complex 
anatomv of the head and neck (see Figures 6-45 and 6-46 and Tallies 6-20 and 
6 - 21 ). 



FIGURE 6-42. Brown-Sequard syndrome, t Modified, with permission, bam \Mi\man 

SG. Clinical Xcurmnatomw 2>th ed. New York: McGraw-Hill. 200Tj 
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table 5 -1 9. Lesions of the Spinal Cord 


Category 

Lesion 

Mechanism 

Clinical Manifestation 

Examples/Other Facts 

Motor 

pathway 

lesions 

Upper motor 
neuron (UMN) 

Transection of or damage 
to the corticospinal trad 

or cortical motor cells- 

Spastic paresis with Babin ski's 
sign. 

Stroke, ischemic/traumatic injury 
to brain stem or spinal cord. 


Lower motor 

neuron {LMN) 

Damage to motor 

neurons. 

Flaccid paralysis, arefiexia, 
atrophy fasciculations, and 
fibrillations of the musde fibers. 

Polio mye 1 i tis, We rd nig-H o ff ma n 
disease ("floppy baby"), tongue 
fasci tula lions, 7-month survival 


Combined UMN 

and LMN 

Damage to both 
corticospinal tracts and 

motor neurons. 

UMN and LMN symptoms. 

Amyotrophic lateral sclerosis (ALS 
or Lou Gehrig's disease) M > F, 

most common motor neuron 

disease, mutation in cop per-zinc 
oxide dismutase, chromosome 21, 

Sensory 

pathway 

lesions 

Dorsal column 

Destruction of the dorsal 

column. 

Loss of tactile discrimination 
and position and vibration 
sensation; shooting pain and 
paresthesias; Romberg s sign. 

Tabes dorsalis in syphilis (Charcot 
joints, loss of deep tendon 
reflexes). 

Combined 

motor and 

sensory 

lesions 

Spinal cord 

hemisection 

(Brown-S£quard 

syndrome) 

Damage to: 

Dorsal columns. 

Lateral corticospinal 

tract. 

Lateral spinothalamic 

tract. 

Ventral (anterior) 

horn. 

Gives rise to: 

Ipsilateral loss of tactile 
discrimination, position, 

vibration, 

Ipsilateral spasiic paresis. 
Contralateral loss of pain 
and temperature sensation, 
Ipsilateral Horner's, 

Ipsilateral flaccid paralysis. 

Trauma, 


Ventral/anterior 
spinal artery 
occlusion/ 

ischemia 

Infarction of anterior 

two-thirds of spinal cord; 
damage is simitar to 
hemisection but sparing 

dorsal columns and 

Lissauer's tract; however, 
bilateral damage to 
corticospinal tracts to 
sacral parasympathetic 

centers at S2-54. 

Similar to hemisection but no 

loss of tactile discrimination, 
position, vibration sense; 
however, results in urinary 
and stool incontinence; if T! 

or above, bilateral Homer's 

syndrome. 

Embolus, aortic dissection. 


Subacute 

combined 

degeneration 

Damage to: 

Dorsal columns. 

Lateral corticospinal 

tract. 

Spinocerebellar tracts*. 

Results in: 

Bilateral loss of tactile 

discrimination, position, 

vibration sense. 

Bilateral spastic paresis. 
Bilateral upper and lower 

ataxia. 

Vitamin B |2 deficiency, pernicious 
anemia, Friederich's ataxia 

(autosomal recessive, no 
treatment, 40-year life-span). 


(continues) 
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table 6-19, Lesions o! the Spinal Card (continued) 
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Category 

Lesion 

Mechanism 

Clinical Manifestation 

Examples/Other Facts 

Combined 

motor and 

sensory 

lesions 

(continued) 

Syringomyelia 

Central cavitation of the 
cervical cord (C8-T1) 
of unknown etiology; 
damage to: 

Ventral white 

commissure. 

Ventral horns. 

Results in: 

Bilateral loss of pain and 
temperature sensation. 
Bilateral flaccid paralysis 

of intrinsic muscles of the 

hands. 

Commonly seen with Arnold- 
Chiari syndrome; referred to as the 
sensation of wearing a "cape over 
the shoulders.' 1 


Multiple 

sclerosis 

Random, asymmetric 
autoimmune mediated 
demyelination of axons 
of cervical segments of 
the spinal cord as well as 
in the brain; pathology 
shows oligodendrocyte 
loss and reactive gliosis. 

Charcot's triad: 

Scanning speech. 

Nystagmus. 

Intention tremor. 

Also spastic paresis, sensory 
loss, MLF syndrome. 

Most commonly found in females 
30-40 years old in temperate 
zones; Marburg variant (fulminant 
with death before age 10; Devic's 
syndrome: optic neuritis; IgG 
oligoclonal bands found in C5F; 
treated with steroids, interferon 

beta. 

PNS lesions 

Guillain-Barr£ 

syndrome 

Demyelination and edema 
of motor fibers of ventral 
roots and peripheral 
nerves; commonly 
involves upper cervical 
roots and cranial nerves. 

Facial diplegia, papilledema 
from elevated protein levels, 
paresthesias, fatal respiratory 
paralysis. 

Al bum in o cytologic dissociation: 

Elevated protein in the CSF 
without pleocytosis. 

intervertebral 

disk 

herniation 

90% L4-S1 

10% C5-C7 

Prolapse, herniation of 

the nucleus pulposus 

through defective annulus 

fibrosus and into vertebral 

canal, impinging on spinal 

roots. 

Results in paresthesias, pain, 
sensory loss, hyporeflexia, 

muscle weakness. 

Must screen for this in the setting 
of back or neck pain. 

Terminal cord 

syndromes 

Cauda equina 
syndrome 

Impingement of roots 

L3Co1 from a nerve root 
tumor, ependymoma, 
dermoid tumor, lipoma. 

Results in: 

Radicular unilateral pain. 
Loss of sensation in 
unilateral saddle-shaped 

Surgical emergency! 


area. 

Unilateral muscle atrophy 
and absent patellar (L3) 
and ankle (St) jerks. 

Mild incontinence and 
sexual dysfunction. 
Gradual and unilateral 
onset 
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Table 6-19. Lesions of the Spinal Cord (continued) 

Category Lesion Mechanism Clinical Manifestation Examples/Other Facts 


Terminal cord 

syndromes 

(continued) 


Conus 

medullaris 

syndrome 



Impingement of 53-Co Results in: 

from intramedullary tumor Bilateral mild pain. 

(ependymoma). Loss of sensation in 

bilateral saddle-shaped 
area. 

Mild muscle weakness, 
preserved reflexes. 
Severe incontinence and 
sexual dysfunction. 

Sudden and bilateral 

onset 


Cranial Nerve Lesions 

Although most lesions are straightforward, there are some frequently tested 
peculiarities (see Table 6-22): 

Facial lesions are divided into upper motor neuron lesions (UMN) and 
lower motor neuron lesions (I AIN). 

UMN lesion: 

Lesion in the motor cortex or connection between the cortex and the 
facial nucleus. 

Leads to paralysis of the contra lateral lower face only. 

' LMN lesion (BelTs palsy; see Figure 6-47): 
w Lesion of the facial nucleus or facial nerve. 

Leads to paralysis of the ipsilatcral upper and lower face. 



MNEMONIC 


Bell's palsy is seen in Alexander 
Bell with STD: 

Aids 

Lyme disease 
Sarcoid 
Tumors 
Diabetes 



FIGURE 6-43. Patterns of spinal cord lesions. Shaded areas demarcate areas commonly lesioncd m specific diseases, k\) Poliomy¬ 
elitis arid Werdnig-Hoffmann disease; 1 .ower motor neuron lesions only due to destruction of an ten nr bonis; flaccid paralysis. (R) Mul¬ 
tiple sclerosis: Mostly white matter of cervical region: random and asymmetric lesions, due to den ivcli nation; scanning speech, intention 
tremor, mslaginus, (C) ALS: Combined upper and lower motor neuron deficits with no sensory deficit; both tipper and lower motor ucm 
urn signs (D) Complete occlusion of ventral artery'; spares dorsal columns and tract of Lisaauer. (1*1) Tahes dorsalis (ternary syphilis): De- 
gcueralitm of dorsal roots and dorsal columns; impaired proprioception, locomotor ataxia. (F) Syringomyelia: Crossing fibers of corticospi¬ 
nal It.let damaged; bilateral loss of pain and tempera l me sensation (G.) Vitamin II]-. neuropathy and Friedreich's a I avia: Dcmvdii ration of 
dorsal columns, lateral corticospinal tracts, and spinocerebellar tracts; ataxic gait, hyperreflexia, impaired position anil vibration sense. 
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FI cube 6-44* Syringomyelia in sagittal section* Involves enlargement at the central 
canal of the spinal card, damaging libers of the spinothalamic tract. Sensory loss is often de¬ 
scribed as feeling like one is wearing a cape over ones shoulders because it is most commonly 
found in C8-TL Often seen in Amold-Chiari malformation. 



FIGURE 6-45* Anatomic exits of crania! nerves* 1 lie cranial nerves lh.it arc factors of 12 (II, III. IV, VI. and XII exit near llie mid- 
line while the rest exit laterally, Of these thal exit near the midline, Ilf and IV exit at the level of the midbraiu* VI at the level of the pons, 
and XII at the level of the medulla. 



























Superior 

rectus 

A 


Inferior 

oblique 

A 


Lateral 
rectus ^ 



FIGURE 6-46, Extraocular muscles and their corresponding eye motions. ( Modified* 
with permission, from Amin o ff MJ, Green he rg DA, Simon RP. Clinical N eurofogv. ftlh ed, 
New York: McGraw-Hill, 2005: Figure 4-5C0 


SENSORY PATHWAYS 


Visual System 

The visual system performs several important functions, including vision, 
pupillary reflex, near and far accommodation, and coordination of eye move¬ 
ments or gaze. 

Visual Pathway (See Figure 6-48) 

Photoreceptors of the retina: Include rods that mediate black and while 
vision and cones that mediate color vision. 

Ganglion cells of the retina: Receive input from the rods and cones via 
other intermediary cells and send information down axons that form the 


TABLE 6-20. Cranial Nerves 


itmmnrmunTTTimvffm i jmmiwrprtun 

Cranial nerves 


'mffJimnTVTM/jjiJjffiff.rr.r■ s?*n /rtiUlfirjfr ? iiitiiutttiiirBmtUHirttltU ■ —' rHiitmiiii 'tiii.ll^n/rrrTrirmiiiri 

rjnrnfrttifftrnmpiH 

Nerve 

CN 

Function 

Type 

Mnemonic 

Olfactory 

J 

Smell. 

Sensory 

Some 

Optic 

II 

Sight 

Sensory 

Say 

Oculomotor 

111 

Eye movement, pupil constriction, accommodation, eyelid opening. 

Motor 

Marry 

Trochlear 

IV 

Eye movement 

Motor 

Money 

Trigeminal 

V 

Mastication, facial sensation. 

Both 

But 

Abducens 

VI 

Eye movement. 

Motor 

My 

Facial 

VII 

Facial movement, taste from anterior 2/3 of tongue, la carnation, salivation 
(submaxillary and sublingual glands), eyelid dosing. 

Both 

Brother 

Vestibulocochlear 

VIJJ 

Hearing, balance. 

Sensory 

Says 

Glossopharyngeal 

IX 

Taste from posterior 1/3 of tongue, swallowing, salivation (parotid gland), 
monitoring carotid body and sinus chemo- and bam receptors. 

Both 

Big 

Vagus 

X 

Taste from epiglottic region, swallowing, palate elevation, talking, 
thoracoabdominal viscera, monitoring aortic arch chemo- and baroreceptors. 

Both 

Brains 

Accessory 

XI 

Head turning, shoulder shrugging. 

Motor 

Matter 

Hypoglossal 

XII 

Tongue movement. Motor Most 
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TABLE 6-21. 

Cranial Nerve Exits 

*• ‘ ^ ii n «♦**■-■ imf ■» i TTrrrrTTfi iwwnf a a ■ n#| w-riri l«#r« 1 HiiMMitMiwi itri ■ ■—i■ ■ ■ h+I 1 HI in ■ ■■ ■ mci HIKM' — rtllllfVI 1 Iti 

Cranial nerve 

r» 111 lip l|?l I |II|| |HIH L-til lil Iliyilli.IIlfllTII 11 EI1IJL* trni 1 EiUJ ItlUIEimil HlII!|«U|BiTEll 11#| 1 11 J ri 9 llif 1 111* HHtM 

Cribriform plate (CN 1). Divisions of CN V 

and vessel 

Middle cranial fossa (CN ll-VI)-through sphenoid 

exit owing to 

pathways 

bone: 

Standing Room 


1. Opftc canal (CN It, ophthalmic artery, central 
retinal vein) 

2 . Superior orbital fissure (CN III, IV, V,, VI, 
ophthalmic vein) 

3. Foramen Rotundum (CN V 2 ) 

4. Foramen Ovale (CN V 3 ) 

5. Foramen spinosum (middle meningeal artery) 

Only. 


Posterior cranial fossa (CN VII—XII)—through 



temporal or occipital bone: 

1. Internal auditory meatus (CN VII, VIII) 

2. Jugular foramen (CN IX, X XI, jugular vein) 

3‘ Hypoglossal canal (CN XII) 

4. Foramen magnum (spinal roots of CN XI, brain 


stem, vertebral arteries) 


optic nerve (CN II), Ganglion cells from the nasal hemiretina project to 
the contralateral lateral geniculate nucleus {LGN), and those from the 
temporal hemiretina project to the ipsilateral LGN. Thus, vision from the 
right visual field is projected to the left LGN and vice versa* 

The optic nerve projects from the optic cup at the posterior aspect of the 
eye through the optic canal to the oplie chiasm, where the fibers split. 
Lesions of the optic nerve or the retina result in ipsilateral blindness 
with loss of the direct pupillary' light reflex (light in the ipsilateral eye 
produces no papillary constriction). 

Junction scotoma; Lesions of the optic nerve at the optic chiasm result 
in disruption of fibers that originate in the contralateral inferior nasal 
quadrant and loop into the optic nerve* This results in ipsi lateral blind¬ 
ness plus a contralateral upper temporal quadrant defect known as a 
junction scotoma. 


TABLE 6-22. Frequently Tested Cranial Nerve lesions 


■Ill UllVllAlilBrflff f 

Cranial 

Nerve 

Note on Lesion 

III 

Triad of ptosis, blown pupil, and "down and out" eyes. 

VH 

Bell's palsy, paralysis of both the upper and lower face. 

X 

Uvula deviates away from the side of lesion. 

XI 

Weakness turning head to contralateral side of lesion. 

XII 

wmrtttttiiii iota 

Tongue deviates toward the side of lesion ("lick your wounds'*). 
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FIGURE 6-47. Facial lesions. Notice liow the upper face receives input from the cortex 
on bolli sides, thus ;i unilateral UMN lesion will spare the upper face due to sparing of the con¬ 
tralateral fibers that are innervating the ipsilateral facial nucleus, However, a unilateral LMN 
lesion will disrupt all fibers from the facial nucleus, producing paralysis of the entire face. 


n Papilledema: Results front congestion of Ihe oplic disk and pressure 
on the root of the optic nerve from increased ICR Results in enlarged 
blind spots with preserved visual acuity. Commonly due io niass-oe- 
cupying lesions in the brain or severe hypertension. 

Optic chiasm: Fibers from the tw o nasal hcmirctinas decussate, and those 
from I he temporal hemiretinas continue without decussation. 

A uiidsagitfal lesion produces bitemporal hemianopsia, usually from 
an enlarging pituitary tumor. 



fissure 


A 


1. Right anopia 

2. Bitemporal hemianopsia 

3. Left homonymous 
hemianopia 

4. Left upper quadrantic 
anopsia (right temporal lesion) 

5. Left lower quadrantic 
anopia (right parietal lesion) 

6. Left hemianopsia with 
macular sparing 


B 


FIGURE 6-48. Visual pathways and associated lesions with clinical manifestations, i A: Visual pathway leading from retina to 
visual cortex. (8) lesions along I he pathway and corresponding clinical manifestations. Note that lesions proximal lo the chiasm can be 
associated with monocular and ipsilateral defects, and lesions distal to the chiasm lead to contralateral and binocular defects. 
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KEY FACT 


Lesions of the afferent pathway 

or CN i) result in loss of the direct 
pupilary reflex with preservation 
of the indirect papillary reflex 

(Marcus Gunn pupil). 

Lesions of the efferent pathway or 

CN III result in complete paralysis 
of the ipsilateral pupil. 



KEY FACT 


Argyll Robertson pupil (pupillary 
light-near dissociation) is the lack of 
pupillary constriction in response to 
light, with preservation of pupillary 
constriction in response to near 
stimulus, It is often referred to as 
"prostitute's pupil* because it 
"accommodates, but doesn't react.* 
Seen in syphilis and diabetes. 



KEY FACT 


Adie's pupil is a large pupil similar 
to the Argyll Robertson pupil; it 

retains some reaction to light, but 
reacts very slowly. Seen in women 
with diminished knee and ankle 
reflexes. 


A lateral lesion produces contralateral nasal hcmianopia, usual!) 
from a calcified internal carotid artery. 

Bilateral lateral lesions produce hiuasal hcmianopia, usually from a 
calcified internal carotid artery. 

Optic tract: Formed from fibers from the ipsilatcm) temporal hemiretina 
and contralateral nasal hemiretina. These nerve fibres travel from the optic 
chiasm to the ipsilateral LGN, pretectal nuclei, and superior colliculus. 
LGN: Site where optic tract fibers terminate and synapse. Fibers from 
the LGN then project to the primary visual cortex (Brodinann s area 17) 
through the geniculocalcarine tract or visual radiation. 

A lesion of the optic tract or LGN produces contralateral hcmianopia. 
Geniculocalcarine tract (visual radiation) projects through hvo divisions: 
the upper division and the lower division (Meyers loop). 

A lesion of the upper division results in contralateral lower quadratic 
lanopia. If bilateral* it is called lower altitudinopiu, 

V lesion of Meyers loop results in contralateral upper quadnintanopia 
or u pie in the sky.” If bilateral, it is called upper aititudinopia. 

Visual cortex: The posterior area receives macular input or central vision, 
tire intermediate area receives periniacular input or peripheral vision, and 
the anterior area receives monocular input 

Lesions result in loss of central peripheral or monocular vision, 
depending on their location. 

The pupillary light reflex pathway is mediated in the parasympathetic ner¬ 
vous system, 11 relics on an afferent pathway through CN II and an efferent 
pathway through CN til (see Figure 6-49). 

Retina] ganglion cells—> CN II (afferent pathway) —> pretectal nucleus of the 
midlmiin —> Kdiiiger-Westplial nucleus of CN III (preganglionic parasympa¬ 
thetic fibers) —> CN 111 (efferent pathway) —> ciliary ganglion (postganglionic 
parasympathetic fibers) —> sphincter muscle of the iris. 

The pupillary dilation pathway is mediated by the sympathetic nervous sys¬ 
tem. Lesions —»ipsilatcral Horner’s syndrome. 

The near reflex and accommodation pathway allows pupils to constrict and 
focus on near and far objects. 


Light 

O 



FIGURE 6-49, Pupillary light reflex pathway. 









Auditory System 

The auditory system can detect frequencies of 20—20,000 Hz. The afferent of 
die auditors' system is CN VIfl. the cochlear nerve. 

Auditory Pathway {See Figure 6 - 50 ): 

Hair cells of the organ of Corti transmit to the 

bipolar cells of the spiral ganglion, that in turn stimulate the 

cochlear nerve (enters flic brain stem at the cerebellopontine angle) 

ascends to the cochlear nuclei, which sends off fibers that 

decussate via the trapezoid body, and travel to the 

contralateral superior olivary nucleus 

ascends via the lateral lemniscus to the 

nucleus of the inferior colliculus 

media I geniculate nucleus (MGN) 

transverse temporal gvri of Heschl/primary auditory cortex (Brodmamis 
areas 41 and 42), 




Hearing Defects - 

Conduction deafness: Caused In blockage that prevents sound waves Strachan's syndrome results from 

from reaching the organ of Corti. The defect is in the external or middle vitamin B, intoxication It produces 

car* Mav be due to obstruction (Le,, wax), otosclerosis, or otitis media* the following set of symptoms 
Nerve deafness: Caused by disease of the cochlea, cochlear nerve, or ecu- ■ Nerve deafness 

tral auditor)' pathways. Usually due to degeneration of the organ of Corti. * Optic atrophy 

May also be due to tumors that disrupt the cochlear nerve (e.g., acoustic * Spinal ataxia 

neuroma). ■■ — 




figure 6 - 50 * Auditory pathway. (Modified, with permission, from N aback CR. The Hu¬ 
man Sennits System, 3rd cd. New York: McCraw-1 till, 1981.] 
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KEY FACT 

L_ 


Brain stem auditory evoked 
potential (BAEP) testing is another 
way to test hearing, especially 
m infants who are unable to 
communicate whether they hear 
a sound. Sounds are presented to 
each ear separately. Electrodes on 
the scalp record the responses of 
the brain. 


There arc two major tests of hearing that can be done at the bedside to dif¬ 
ferentiate between conduction and nerve deafness: 

Weber s test: Place a vibrating timing fork cm the top of the skull. Ask 
the patient which side sounds louden 

In conduction deafness, ihc sound is louder on (he affected side. 

In nerve deafness, the sound is louder on the unaffected side. 
Rinne’s test: Place a vibrating tuning fork on the mastoid process 
behind the ear until the patient can no longer hear the sound. The 
patient is using bone conduction during this phase of the test. Once 
the patient no longer hears the sound, the tuning fork is held in front 
of the ear. Normally, the patient still hears the sound using air conduc¬ 
tion, Normally, air conduction > bone conduction. 

In conduction deafness, bone conduction is greater than air con¬ 
duction and Kinncs test is abnormal. 

hi nerve deafness, air conduction is greater than bone conduction 
and Rhine's lest is normal 



KEY FACT 


Foster Kennedy syndrome occurs 
when a meningioma of the olfactory 
groove compresses the olfactory and 
optic nerves. Produces the following 
set of symptoms: 

■ Ipsilateral anosmia (inability to 
detect smells) 

* Ipsilateral optic atrophy 

■ Contralateral papilledema 



KEY FACT 

i_ 


Hallman's syndrome results 
from lack of proper formation of 
the olfactory trace Hypothalamic 
neurons rely on the olfactory trad 
to migrate to their destinations. 
Produces the following set of 
symptoms: 
m Anosmia 
* Hypogonadism 
m Infertility 


Vestibular System 

The vestibular system maintains balance and coordinates head and eve move¬ 
ments. Vertigo results from disruption of the vestibular system. 

Labyrinth 

Kinetic labyrinth: Consists of three semicircular canals (superior, lateral, 
and posterior) that arc filled with a fluid called endolymph. Provides infor¬ 
mation on angular acceleration and deceleration of the head. Hair cells 
lie iu the ampulla and are activated by endolymph flow. 

Static labyrinth: Consists of the utricle and saccule and responds to lin¬ 
ear acceleration of the head, including gravity. Hair cells reside on the 
otolithic membrane, and bending toward the longest cilitun (kinocilimu) 
results in activation. 


Vestibular Pathways 

Hair cells of labyrinth structures —> vestibular ganglion —> vestibular nuclei 
—> cerebellum, MLF, spinal cord, thalamus. 

Olfactory System 

The olfactory system mediates the sense of smell and involves CN I. the ulfac- 
lorv nerve. It is the only sensors' modality that is not relayed In the thalamus 
before reaching the cortex. Thus, if is thought to be one of the most primal 
sensory systems. 

Olfactory Pathway 

Qlfaclon receptor cells —* mitral cells of the olfactory bulb —* olfactory 
tract/nerve —> primary olfactory cortex and amygdala. 

Gustatory System 

The gustakm system mediates taste and is carried by two major nerves: the 
special sensory division of CN N il (facial nerve), which supplies the anterior 
two-thirds of the tongue, and CN IX (glossopharyngeal nerve), which supplies 
the posterior one-third of the tongue. 

Gustatory Pathway 

Taste buds of the anterior two-thirds of the longue —» intermediate nerve, 
chorda tympani, lingual nerve (branch of CN V>) geniculate gau- 









glion {cell bodies of the taste bods) —* solitary tract and nucleus —» ven¬ 
tral posteromedial nucleus of the thalamus —> gustatory cortex (parietal 
operculum). 

Taste buds of the posterior one-third of the tongue —» glossopharyngeal 
nerve (CN IX) —» petrosal (inferior) ganglion —» solitary tract and nucleus 
—> ventral posteromedial nucleus of the thalamus —> gustatory cortex (pari¬ 
etal operculum). 



Neurons 

The basic subunits of the CNS and PNS. There are several variants (sensory, 
motor, and internenron) that all share similar basic structures (see Figure 
6-51). 
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FIGURE fi-si. Central and peripheral neurons. Basic structure ot neurons Note tlwt in 
the PNS, axons arc myelinated h\ Schwann cells, whereas m the CNS the axons are nncli- 
nated by oligodendrocytes, (Modified, with permission, from VVaxman SG, Clinical \eitn> 
anatomy, 25th cd* New York: McCrmv-HilL 2(103.> 











KEY FACT 


Proteins and substances are 
transported anterograde (away from 
the cell body) or retrograde (toward 
the cell body) along miaotubules 

via kmesins and dyneins, 

respectively. 



KEY FACT 

i_ 


Myelination of neurons in the CNS 
occurs by oligodendrocytes. Each 
oligodendrocyte myelinates multiple 
axons. Myelination in the periphery 
occurs by Schwann cells, where 
each Schwann cell myelinates only 
one axon. 



KEY FACT 

i_ 


Anesthetics such as lidocatne work 
by blocking sodium channels in the 
axon and blocking the conduction of 
APs triggered by painful stimuli. 


Neurons contain the following basic components: 

Cell body (soma): Contains the nucleus, organelles, and prominent 
clusters of rough endoplasmic reticulum, the Tatter visualized as Nissl 
substance. 

Dendrites: Afferent single or multiple extensions of the cell membrane 
that transmit or receive signals from other neurons or the environment to 
the neuron. They also contain Nissl substance* 

Axons: Efferent extensions of the cell membrane that send signals away 
from the cell body to other neurons or to end organs. They may be myeli¬ 
nated or unmyelinated. 

Neurons may have any number of dendrites and axons, which can be used for 
classification purposes: 

Unipolar neurons have one dendrite or one axon. 

Pseudo-unipolar neurons have one process that branches into a dendrite 
and an axon* 

Bipolar neurons have one dendrite and one axon* 

Multipolar neurons have many dendrites and axons. 

Neuronal axons contain both areas that are myelinated and those that are 
unmyelinated, 

Myelin: Multiple layers of phospholipid that form a sheath around an 
axon* It contains ion channels that open to allow current to flow across the 
axon membrane* Myelination also permits fast transmission of APs along 
the axon. 

Nodes of Ranvier: Areas of naked axon in between areas encased by 
myelin. Allows rapid salutatory conduction of action potentials (APs) along 
the axon. 



KEY FACT 


Neuroglia 

Neurons arc maintained by supportive cells known as neuroglia. Neuroglia 
come in several forms: 


Wallerian degeneration occurs 
in a segment of axon after it has 
been disconnected from the cell 
body. In the periphery, degradation 
and phagocytosis of the axon and 
myelin is followed by proliferation 
of Schwann cells Chromatolysis 
occurs in a cell body when an axon 
has been cut oft. 



KEY FACT 

k_ 


HIV-infected miooglia form 
multinucleated grant cells. 


Astrocytes: Cells that repair and provide nutritional support to neurons* 
maintain Hie BBB, and regulate the composition of CSF. They contain 
glial fibrillin' acidic protein (GFAP); stains for GFAP are used to assist in 
the differential diagnosis of neurologic lesions. 

Ependymal cells: A single layer of cells lining the ventricles* 

Microglia: Phagocytes of mesodermal origin with irregular nuclei and little 
cytoplasm. They proliferate around injured nerve tissue and transform into 
large ameboid phagocytic cells in response to tissue damage. 
Oligodcndrogha: Each cell may myelinate up to 30 neurons in the CNS* 
Destroyed in dcmyelinatmg diseases such as multiple sclerosis. 

Schwann cells: Each cell myelinates one PNS axon. Gaps between 
Schwann cells constitute the nodes of Ranvier* They assist in axonal regen¬ 
eration by creating a pathway for axon growth and secreting growth factors* 
With mutation of tumor suppressor NF2, may give rise to schwannomas, 
located in the internal acoustic meatus (acoustic neuroma)* 


INTERCELLULAR COMMUNICATION 


Synapses 

Neurons communicate with each other through synapses* Synapses involve 
the following structures (see Figure 6-52): 
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Presynaptic terminal 


(1) Presynaptic 
membrane 
depolarization 
induces... 




(2) ...brief opening 
ol calcium 
channels 




(3) Calcium influx 

promotes exocytosis 
of synaptic 
vesicles with... 


(4) ...release of 

neurotransmitter 

- _~ ___ 




(5) Neurotransmitter reacts 
with receptors and... 


| ___ 

(6) ...Promotes postsynaplic 


— 

V 

\ 

\ 


membrane depolarization 


Postsynsptic region 


FIGURE 6-52, Steps of synaptic transmission. The small spikes on the post synaptic 
inembnine represent receptors for iieiirotrausinittcrs. SKR = Smooth endoplasmic reticulum, 
(Reproduced, with permission, from lunijncmi I,C, Cameiro ). Basic Histology, i Ith eel New 
York: McRaw-J 1*11, 2005: 151) 


Presynaptic membrane: Contains voltage-gated calcium channels that 
open in response to APs, 

Secretory vesicles; Contain the neurotransmitter and rest in the cytoplasm, 
until calcium influx recruits them to the presynaptic axon terminal for 
exocytosis. 

Synaptic cleft: She where exocytosed neurotransmitter molecules diffuse 
across to the postsynaplic membrane, 

Postsynaplic membrane: Contains receptors for various neurotransmitters 
coupled to sodium channels. 

Receptors: Bind the neurotransmitter and facilitate depolarization of the 
poslsynaptic membrane by activating sodium channels. 

Ion channels: Include sodium, potassium, and calcium channels. Sodium 
channels arc responsible for depolarization (AP); potassium channels are 
responsible for re polarization (termination of the AP); and calcium chan¬ 
nels arc responsible for permitting increased calcium concentration that 
allows for muscle contraction in the PNS, 

Neuromuscular Junction 

Neurons communicate with muscle fibers through the neuromuscular junc¬ 
tion (NMJ), which resembles a synapse except that the postsynaplic mem¬ 
brane is tlic membrane of a muscle fiber, also known as an cndplate. The 
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ncurolrammitter is always acetylcholine (Ach), Below is the sequence of 
events that takes place during activation of the NMJ (see Figure 6-53): 

A wiwte ul depolarization propagates down the axon toward the axon ter¬ 
minal, promoting exoevtosis of Adi (similar In the process in the synapse, 
described above)* 

Nicotinic Ach receptors lie on the poslsynaplic membrane and permit 
sodium to enter when hound to Adi. 

Voltage-gated calcium channels on the poslsynaplic membrane open and 
allow calcium to enter and activate muscle contraction, 

(dictum enters the muscle cells, hinds troponin, and moves tropomyosin 
off myosin, allowing act in to hind In myosin and muscle contraction to 
occur. 

Meanwhile, acetylcholinesterase (AehK) degrades Ach that remains in the 
synaptic cleft. 

Diseases of the Neuromuscular Junction 

Myasthenia gravis is an autoimmune disease in which antibodies attack the 
nicotinic Ach receptors, decreasing their numbers, 

Ptosis and/ur diplopia is often the present mg symptom, 

(diaractcristicailv associated with muscle fatigue and weakness that pro¬ 
gresses thrcnighout the day or with repeated exertion. 

If left untreated, can lead to respiratory failure. 
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FIGURE 6-53. Neuromuscular junction. \ lie nerve Urmm.rr is I lie pre-sy liuptk bouton. 
\tb Ac cl vk holme: M - imloclioiiclris: Y - vesicles containing ach. 


























Often associated with underlying thymoma. 

Diagnosis via the tensilon test: Administration of edrophonium, a shorU 
acting AchE inhibitor, rapidly improves symptoms. 

Lambert-Eaton syndrome is an autoimmune disease in which antibodies 
attack calcium channels in the muscle fibers. 

Weakness of large muscles (e.g,, quadriceps) with initial exertion that 
improves with repeated use. 

Presents with difficulty rising from a chair. 

Associated with small cell lung cancer. 

Sensory Corpuscles 

Neurons receive sensor)' signals through the skin via specialized sensory 
organs: Meissner's, pacinian, Merkels, and Ruffinis corpuscles, and Golgi 
tendon organs. Other sensor)' organs include joint receptors, stretch receptors, 
baroreceptors, and hair cells of t lie inner ear (see Table 6-23). 

Pacinian corpuscles: Mediate discrimination of coarse spatial differences. 
Meissners and Merkels corpuscles: Mediate discrimination of fine spatial 
differences. 

Joint capsule receptors: Sense flexion/extension of the joints. 

Muscle spindles: Sense muscle length. 

Golgi tendon organs: Sense tension of tendons and muscles. 

Organization of Peripheral Nerves 

Nerve fibers consist of axons and llicir myelin sheaths and are bundled 
together into peripheral nerve fibers. From outermost to innermost, the three 
layers of a nerve fiber are: 

Epineuriurn (dense connective tissue) surrounds the entire nerve. 
Perineurium (permeability barrier) surrounds a fascicle of fibers; must be 
rejoined in limb attachment surgery. 

Endoneurium surrounds a single nerve fiber (see Figure 6-54), 


TABLE 6 - 23 , Major Sensory Corpuscles 
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Sensorv Corpuscle 

Meissner's 

Corpuscle 

Pacinian Corpuscle and 

Rufrni's Corpuscle 

Merkel's 

Corpuscle 

Golgi Tendon 

Organ 

Spindle 

Mediates: 

light touch 

Pressure, vibration 

Light crude touch 

Contraction of 

tendons 

Stretch 

Description: 

Small encapsulated 

large encapsulated 

Tactile disks 



Location: 

Dermis 

Dermis 

Dermis 

Within tendon 

Within muscle fiber 

Location in the 

body: 

Glabrous hairless 

skin, palms, and 

soles 

Skin, joint capsules, 
ligaments, serous 
membranes, and 

mesenteries 

Fingertips, hair 
follicles, and hard 
palate 

Within tendon 

Within muscle fiber 





























FLASH BACK 


Development of the neural tube is 
complete by day 28 of pregnancy. 
This is important with respect to 
maternal folate levels because folate 
is necessary tor DNA synthesis, 
which is essential for dividing cells. 



Nerve trunk 

Epineurium 

W ^ Perineurium 
Endoneurium 
Nerve fibers 


figure 6-54, Layers of the nerve fiber. 



KEY FACT 


Carbamazepine and valproic acid 
have been strongly associated with 
the development of neural tube 
defects. Valproic add is a folate 
antagonist. 



KEY FACT 

L_ 


n-Fetoprotein is also elevated in 
hepatocellular carcinoma and yolk 
sac (endodermal sinus) tumors. 



Congenital failure of the neural folds and coverings to fuse in the midiinc 
leads to deformities in the developing nervous system (see Figure 6-55), Clini¬ 
cal presentation varies in severity depending on which layer is defective (sec 
r lable 6*24). The development of these defects is associated with low maternal 
folic acid levels early in pregnancy. Therefore, babies of mothers taking folate 
supplements prior to conception have a decreased risk (if neural tube defects. 
Elevated ot-fetoprotein in amniolic fluid and maternal serum is diagnostic. In 
utero ultrasound can confirm the presence of a deformity. 


VENTRICULAR SYSTEM MALFORMATIONS 



KEY FACT 


The three markers tested in the 
triple screen test, done at 15-18 
weeks of gestation, are hCG, estriol, 
and a-fetopratein. High hCG and 
estriol coupled with low levels of 
tt-fetoprotem indicate an increased 
nsk of having a child with Down's 
syndrome 


Disruption in the flovvofCSF in the subarachnoid space through the cerebral 
ventricles may lead to an increase in KIP (see Figure 6-56). Malformations 
max occur anywhere along the pathway and result in a decrease in CSF flow 
from either direct blockage of the foramina or decreased resorption at the 
arachnoid granulations. In either case, hydrocephalus results (representing 
an increase in 1CP). 

Presentation 

Hydrocephalus can often present with an enlarged calvarium if the cranial 
bones have not yet fused (he., the foul audios are still present). Patients with 
increased ICP present with the cardinal signs of headache, vomiting without 
nausea, and papilledema. 


Skln- 

Meninges. 
Spinal cord 
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Normal Anatomy 



figure 6-55. Schematic diagram of spinal column defects. 













































flilff'r 



wMKsmmm 

NEURO 

LOGY 

CHAPTER 6 

523 


TABLE 6-24* Comparison of Neural Tube Defects 
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Type of Defect 

Etiology 

Presentation 

Treatment/Prognosis 

Sprna brfida 

occulta 

Failure of the posterior vertebral arch 
lamina to dose around the spinal canal. 

May present with subcutaneous 
lipoma or tuft of hair overlying 
the location of the defect. 

Most cases are asymptomatic 
and generally found incidentally* 


Spinal cord and meninges remain 
inside the spinal canal. 

No associated neurologic signs 
or symptoms. 




Present in 10%-25% of the 

population. 


Meningocele 

Failure of the neural canal to dose, 
causing a herniation of the arachnoid 
and dura through the bony defect. 

Cystic swelling usually in the 
lumbosacral region, with the 
lumbar cord only covered by 
meninges and skin. 

Most cases are asymptomatic 
but must be distinguished from 
meningomyelocele. 


The spinal cord and nerve roots remain 
in the canal 

No associated neurologic signs 
or symptoms. 


Meningomyelocele 

Defect 10 x more common than 

meningocele, characterized by 
herniation of spinal cord, roots, and 
meningeal covering through vertebral 

Motor and sensory defects 
arising in the lower extremities 
from severe dysfunction of the 
nerves contained in the sac* 

If only sacral cord affected, 
bladder and bowef sphincters are 
affected with sparing of the legs. 


column defect* 

Absent tendon reflexes. 

If lumbar and sacral cord 
affected, the patient is paraplegic. 



Bowel and bladder dysfunction. 

Complications include meningitis 
(because thin skin covering 
increases risk of infection), 
progressive hydrocephalus if 
associated with Arnold-Chiarr 

malformation* 



Skin covering may rupture in 
utero or during birth. 

Surgery to excise and close 
coverings may prevent fatal 
meningitis. 



Mental function intact if defect 

only affects lumbar region (i.e., 
no Arnold-Cliiari malformation). 

Ventricle shunt to dimmish risk of 

progressive hydrocephalus. 

Anencephaly 

One of the most common and severe 
congenital malformations of the brain; 
results from failure of the anterior pore 
(rostral end) of the neural tube to dose. 

Complete absence of brain 
with rudimentary brain stem, 
cerebellum and spinal cord 
present* 

Close to 100% die within the first 
postnatal week. 


Often associated with cardiac 
malformations, 
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FIGURE 6-56, Diagram of cerebrospinal fluid flow through the ventricles. 



KEY FACT 


In patients suspected of having 
increased ICR inspection for 
papilledema and loss of venous 
pulsations in the retina on physical 
exam as well as CT scan should 
be performed prior to lumbar 
puncture because of the danger of 
precipitating tonsillar herniation. 



KEY FACT 


Riboflavin inhibitors (isotretinoin), 
posterior fossa trauma, and viral 
infection (rubella, CMV) have been 
implicated tn the development of 
Dandy-Walker malformation. 


Diagnosis 

Made by imaging studies (ultrasound, CT, or MRI) showing abnormalities in 
CSF flow and ventricle dilation. 

Malformations leading fo hydrocephalus can be categorized according to 
whether they are communicating or noncommunicatiiig. 

Communicating: No anatomic block of CSF Row between the ventricles 
and tlie subarachnoid space. Examples include meningitis and subarach¬ 
noid hemorrhage. 

Nonconimunicatiiig; Blockage of CSF flow from the ventricle to the sub¬ 
arachnoid space at any point in the ventricular system. 

Treatment 

Ventricular shunt. 


NONCOMMUNICATING HYDROCEPHALUS 


Blockage of CSF flow can lead to increased I CP, which causes dilation of the 
ventricles proximal tn the blockage. 

Dandy-Walker Malformation 

Dilation of the fourth ventricle, often secondary to atresia of the foramina of 
Lusehka and Magendie, results in hypoplasia of the- midline portion (ver¬ 
mis) of the cerebellum and enlargement of the posterior fossa (see Figure 
6-57). 
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figure 6-57 + Dandy-Walker syndrome. Mill si tmvmg agenesis of tlie inkltilie cerebellum mid lur gc midi i Me: ml, Solid .mows im 
tlicjlc ilk 1 diluted fourth ventricle, which occupies utmost the entire posterior fossa Dashed arrow indicates hypoplastic cerebellar vermis. 
(A) Vviiil view; tRf Sagittal view i Re pmdt teeth with permission, from Koppei All. brown Rl I \thm& tmtl Victor's Nuuntloftw Sill ed, New 
York: Met mm 4 hit. ZtJOS: S^J 


Presentation 

Patients often present with developmental delay, enlarged head circumfer¬ 
ence, and signs and symptoms of hydrocephalus. Cerebellar involvement mas 
result in difficulty with balance, spasticity, and pour fine motor control. The 
following are also observed; 

Cystic dilation of the fourth ventricle, causing the occipital bone to bulge 
posteriorly, displacing the tentorium upward. 

Aplastic cerebellar vermis. 

Deficient or absent corpus callosum. 

Dilation of the sylvian aqueduct and the third and lateral ventricles (prox¬ 
imal In the fourth ventricle and therefore affected In obstruction at lire 
foramina of Magendie and l.uschkab 

Diagnosis 

Ultrasound, MRI, or CT showing an enlarged posterior fossa with a mid line 
cyst. 

Treatment 

Shunt In Ircat hydrocephalus and prevail herniation. 

Prognosis 

About of patients with this malformation develop obstructive luclro- 

ecphalus. Without treatment, they will have long-term neurologic deficits. 
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Congenital Aqueduct of Sylvius Stenosis 

1 he most common cause of hydrocephalus in newborns leads to obstruction 
of CSF flow between the third and fourth ventricles. This results in dilation 
of the ventricles proximal to this obstruction, namely, the third and lateral 
ventricles. 


Presentation 

Dilation of the third and lateral ventricles along with clinical signs of papille¬ 
dema, vomiting, and headache. 

Diagnosis 

MRI or CT showing enlarged third and lateral ventricles; the presence of 
hydrocephalus can be confirmed by clinical findings. 

Treatment 

Shunt, cerebral aqueductoplasty. 

Prognosis 

Simple aqueduct stenosis is associated with a very good outcome, with more 
than half of patients expected to complete normal schooling. 



FLASH BACK 


Arnold-Chiari malformation is 
associated with spina bifida, 
meningomyelocele type. 


Arnold-Chiari Malformation 

Caudai extension of the medulla and cerebellar vermis through the foramen 
magnum leads fo noncommunSeating hydrocephalus. This malformation is 
strongly associated with syringomyelia (segmental amyotrophy and sensory 
loss, with or without pain) and meningomyelocele (lumbar). 


Presentation 

Patients develop stridor and poor swallowing function secondary to brain stem 
dysfunction and bilateral vocal cord paralysis, platybasia (flattening of the base 
of the skull), and aqueducta! narrowing. When associated with meningomy¬ 
elocele, patients develop progressive hydrocephalus. 


Diagnosis 

The inferior portion of cerebellar tissue kinks the cervical cord, resulting in 
obstruction of ihc upward flow of dye, which yields a highly characteristic 
radiologic profile, particularly on sagittal MRI (see Figure 6-5S), 


Treatment 

If unlikely to progress, no treatment is recommended, If disability' is increas¬ 
ing, upper cervical laminectomy and enlargement of the foramen magnum is 
indicated, 


Prognosis 

Patients presenting with meningomyelocele or syringomyelia generally have a 
poor prognosis. 









FIGURE 6*58* Chiari-Typc malformation and developmental syringomyelia* 1 r 

Wcigliled MRl of the low-lying cerebellar tonsils below the foramen magnum and behind the 
upper cervical cord (upper arrow) and the syrinx cavity in the upper cord (lower arrow}, (Re¬ 
produced, with permission! from Rapper A11, Brown Rl I. Adams md Victor's WmWogv, Bth 
ed. New York: McGraw-Hill. 20(15: 861) 


COMMUNICATING HYDROCEPHALUS 


Normal CSF How with abnormal absorption leads to dilation of all ventricles. 

Hydrocephalus Ex Vacuo in the Elderly 
Presentation 

Ventricular dilation after significant neuronal loss (e,g. T Alzheimer s disease, 
stroke) where CSF passively fills the vacant space* Results in symptoms of 
hydrocephalus with deficits in cognition. 

Diagnosis 

Imaging studies (MRl, CT) showing significant neuronal loss. 

Treatment 

Shunts are not helpful, as the underlying defect is loss of brain parenchyma* 

Meningitis 

Inflammation of flic meningeal coverings in the CNS (brain and spinal cord) 
results from bacterial, viral, fungal, or parasitic infection. The consequent 
posimeningcal scarring and interstitial edema lead to decreased resorption of 
CSF at the arachnoid granulations and an increase in ICP. The elderly (> 60 
years), the very young {< 3 years), and those living in close quarters (military 
barracks, dorms) are at increased risk. 
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Presentation 

Meningismus (patient cannot touch chin to chest), nuchal rigidity, headache, 
and fever, as well as signs of elevated ICR 

Diagnosis 

CT prior to lumbar puncture if focal neurologic deficits are present, CSF 
profile. 

Treatment 

Empiric anlibiotie therapy. 

Prognosis 

Viral > \ 7r mortality rale; bacterial 25% mortality rate. 

Subarachnoid Hemorrhage 

Blood in the subarachnoid space (same space as the CSE) may derive from 
a ruptured berry aneurysm at the bifurcation of the anterior communicating 
artery or from congenital arteriovenous malformation. This results in commu¬ 
nicating hydrocephalus because the blood clogs the arachnoid granulations, 
thereby preventing proper CSF resorption. Two percent of the I LS, popula¬ 
tion lias aneurysms. 


Presentation 

Sudden-onset "‘worst headache of my life/" bloody/xanthochrOmic spinal tap 
(yellow discoloration from degradation of RBCs), isolated CN III palsy, as well 
as decreased level of consciousness preceding signs of hydrocephalus. 



Berry aneurysms are associated 
with adult polycystic kidney disease, 
Ehlers-Danlos syndrome, and 
Marfan's syndrome. Additional 
risk factors include; old age, 
hypertension, smoking and race 
(higher rates in African Americans). 


Diagnosis 

CT scan showing blood covering the surface of the brain (through 1 lie suba¬ 
rachnoid space) and angiogram to determine whether it is of spontaneous or 
traumatic etiology. 

Treatment 

Surgical excision of the aneurysm or filling with metal coil (prior to rupture). 

Prognosis 

Forty-five percent die within 1 month following hospitalization* 

Normal Pressure Hydrocephalus 

In 50% of cases, an idiopathic inter mi t tent increase in IGP occurs* Remain¬ 
ing causes include meningitis, subarachnoid hemorrhage, and atherosclerosis. 
Results from decreased resorption of CSF at the arachnoid granulations* 


Presentation 

Classic triad of bladder incontinence, dementia, and slowly developing ataxia 
with notably no papilledema or headaches. 

Diagnosis 

Clinical signs, with CT/MR1 show ing ventriculomegaly without proportional 
sulcal atrophy (parenchymal toss} or increased CSF (see Figure 6-59). 
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FIGURE 6 - 59 . CT scan of a patient with normal pressure hydrocephalus/ 1 lie re is enlargement of all the veil trick's, which is con¬ 
sistent with communicating hydrocephalus. In particular, the frontal horns nflhr lateral ventricles (Al are roughly disproportionaLe to 
(he cortical alrophv (hi. (Reproduced, with permission, from Hopper AH. Hrowu Rlh Adatn* and Victor's Neurology, Nth cd. New York: 
McGraw-l lill. 2005: 5%) 


Treatment 

Shunt. 




MNEMONIC 


Prognosis 

Normalized IGP and ventricle size w ith improvement and reversal of symp¬ 
toms. 


Normal pressure hydrocephalus 
presents with a "wet r wacky, 
and wobbly" triad: incontinence, 
dementia, and ataxia, 


CEREBROVASCULAR DISORDERS 


Cerebrovascular disorders arise from any pathologic disorder in the blood ves¬ 
sels .supplying the brain, such as occlusion by thrombus or embolus, increased 
vascular permeability, and vessel rupture (see f igure 6-60). The pathologic 
processes underlying these conditions manifest themselves clinically as isch¬ 
emia with or without infarction, nr hemorrhage. Strokes arc the third leading 
cause of death behind myocardial infarctions and cancer. 

Presentation 

Depends on the location of the cerebral lesion; see discussion of the different 
types below. 

Diagnosis 

CT to delect hemonhngc/hlond, diffusion tensor MR1 to deled infarction. 




MNEMONIC 


To recall the blood supply from the 
vertebral artery superiorly, say the 
loll owing three times fast: "PieKah, 
Eikah, Sicca. Pitca" (PICA. A1CA, 
SCA, PCA). 
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figure 6-60. Schematic showing cerebral vasculature. 


Thrombotic Stroke (Pale Infarction) 

The most common type of stroke results from a platelet thrombus that forms 
over an inflammatory plaque in the MCA or internal carotid artery. 'This 
causes liquefaetive necrosis that usually remains pale because of the lack rtf 
reperfusion. 

Presentation 

Crassly exhibits a wedge-shaped area of infarction that develops at the periph¬ 
ery of the cerebral cortex; 1-2 days posHnfaretion, edema develops, with loss 
of demarcation between the gray and w hite matter, with myelin breakdown. 
A cystic area and reactive gliosis (astrocytic proliferation at the margin of the 
infarct) occur hi the weeks following the infarct. Clinically, transient ischemic 
attacks (< 24 hours) may precede the stroke. 

Diagnosis 

Mill; Symptoms consistent with middle or internal carotid artery distribution 
indicate where the infarct occurred, 

Treatment 

IV IPA within s hours of the onset of symptoms, rehabilitation therapy. 

Embolic Stroke (Hemorrhagic Infarction) 

Hemorrhagic infarction is thought Ui result from lysis of embolic material fol¬ 
lowing arterial occlusion and ischemic necrosis that leads In partial restoration 






















of blood flow, which causes blood extravasation through the damaged vessel 
(reperfuston injury)- Emboli originate most often from the heart or proximal 
atherosclerotic plaques in the carotid arteries. 

Presentation 

Grossly hemorrhagic infarcts extend to the periphery of the cerebral cortex 
in the distribution of the arterial supply. Clinically indistinguishable from a 
thrombotic stroke. 


Diagnosis 

CT or MRI. 



KEY FACT 


Treatment 

Treat underlying conditions predisposing to emboli: Atrial fibrillation, bacte- 
rial/nonbacfcrial endocarditis* or rheumatic heart disease. Anticoagulants fi.e.* 
warfarin) arc preventive. Rehabilitation therapy* 


MRt is the imaging modality of 
choice for detection of ischemic 
brain injury, whereas CT will detect 
hemorrhage immediately. 


Intracranial Hemorrhage 

These types of hemorrhage arc best understood by their anatomic location 
and typical clinical presentation (see Table 6-25 and Figures 6-61 and 6-62). 



KEY FACT 


Vomiting at the onset of intracerebral 
hemorrhage occurs much more 
frequently than with infarction, and 
suggests bleeding as the cause of 
acute hemiparesis. 

Presentation ■ 

Dementia, gait disorder* and a pseudobulbar stale, alone or in combination, 
in older patients with long-standing hypertension. 


Binswanger Disease 

Widespread degeneration of cerebral white matter occurs secondary to a 
vascular lesion (hypertension, atherosclerosis of small vessels* and multiple 
strokes). 


Diagnosis 

Clinical findings and imaging. 


Treatment 

Treat the underlying hypertension. 


Prognosis 

Depends on the location of the infarction. 


Lacunar Infarcts 

Cystic areas of microinfarction result from hyaline arteriolosclerosis (small 
vessels) secondary to hypertension and diabetes mcllitus (DM), 

Presentation 

Pure sensory stroke when the infarct is in the ventrolateral thalamus. 

Pure motor hemiparesis from an infarct in the posterior limb of the 
internal capsule or basis pontis; the face, arm, and leg arc almost always 
involved as opposed to the small MCA (face and arm worse than the leg) 
or AC A (leg worse than the face and ami)* 

Ataxic hemiparesis from an infarct in the base of the pons* 

Dysarthria and a clumsy hand or arm due to infarction in Ihe base of I he 
pons or in the genu of the internal capsule. 






TABLE 6-25. Types of Intracranial Hemorrhage 
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Hemorrhage 

Etiology 

Presentation 

Treatment/Prognosis 

Epidural 

Rupture of middle meningeal 
artery following trauma 
(fracture) at pterion 
(temporparietal junction). 

Loss of consciousness followed by lucid 
interval. 

Unless hematoma clot evacuated 
urgently, will result in increased 1CP, 
uncal herniation, and death due to 
respiratory arrest. 



Bradycardia with increased systolic pressure 
(Cushing effect). 

Level of consciousness prior to 
surgery correlates with mortality (i.e,, 



CT is diagnostic and shows biconcave disk 
not crossing suture fines; arterial bleed 

creates blood between dura and bone 
that is limited by skull sutures (see Figure 

6-61 A). 

structures are already damaged if 
patient has significantly altered level 
of consciousness). 



Pressure on CN III parasympathetic portion 
results in blown pupil. 


Subdural 

Rupture of bridging (emissary) 
veins between dural sinuses 

and arachnoid; often seen 
in shaken baby syndrome, 
alcoholics, and the elderly. 

Venous bleeding (less pressure leads 
to slow expansion of hematoma) with 
a delayed onset of symptoms (days to 
weeks). 

Removal of the hematoma by 
era n to to my is the treatment of 

choice. 


Predisposing factors include 
brain atrophy, shaking, 
whiplash. 

Fluctuating level of consciousness 
that develops slowly, crescent-shaped 
hemorrhage that covers convexity of brain 

and crosses suture lines. 

Without treatment, severe cerebral 
compression and displacement with 
temporal lobe-tentorial herniation 

can result in death. 

Subarachnoid 

Rupture of aneurysm (usually 
saccular/berry aneurysm) or 

"Worst headache of my life,' sudden-onset 
severe occipital headache. 

Hemorrhage tends to recur at same 

site. 


an arteriovenous malformation 

that results in blood moving 
into the same spaces as the 

Isolated CN til palsy with aneurysm at the 
junction of the PCA and internal carotid 

Surgical excision of aneurysm or fill 
with metal coil (prior to rupture). 


CSF (see Figure 6-62). 

No single large dot and blood fills 
convexities and cisterns. 

Level of consciousness at time 

of arteriography best index of 



Bloody/xanthochromic spinal tap. 

prognosis. 



Impaired CSF resorption at the arachnoid 
granules resulting in communicating 
hydrocephalus (see Figure G-6IB). 




Carotid and vertebral angiography only 
means of demonstrating aneurysm. 





































































table 6-as. Types of Intracranial Hemorrhage (continued) 

Hemorrhage Etiology Presentation Treatment/Procnosis 


Parenchymal Hypertension, amyloid 

angiopathy, diabetes mellitus, 
and tumors. 

Pathology secondary to 
vascular changes related 
to hypertension leads to 
stress on penetrating vessels 
(lenitculo-striate vessels), then 
leads to Charcot-Bouchard 
macroaneurysm with vessel 
wall thickening. 


Lateral striate artery hemorrhage secondary 
to hypertension affects the basal ganglia 
(putamen) (see Figure 6-61C) and 
thalamus (internal capsule), leading to 
hemiplegia, contralateral sensory loss 
(see Figure 6-61D); also affects pons/ 
cerebellum, causing vomiting, inability to 
sit/stand/walk. 


300/0-35% patients die within 30 
days. 


Location largely impacts the 
prognosis along with the size of the 
hemorrhage. 


Ruptured aneurysms lead to 
intracerebral hemorrhage, 
which creates a dot that 
pushes the brain parenchyma 
aside. 


Maintain adequate ventilation, 
monitor ICP. 


With sustained mean BP > 110 
mmHg give p-blockers, ACE- 
inhibitors. 


Surgical evacuation of cerebellar 
hematomas. 


Pure motor herni pa rests with “motor (Brocas) aphasia" due to thrombotic 
occlusion of a lcnticulostriale branch supplying the genu and ihe ante¬ 
rior limb of the internal capsule and adjacent white matter of the corona 
radial a. 

Diagnosis 

Clinical signs/symptoms, imaging studies lo exclude hemorrhage, X-ray cere¬ 
bral angiography. 

Treatment 

Reduction in BP (statins, angiotensin-converting enzyme inhibitors), well- 
controlled DM, and aspirin. 

Prognosis 

Generally lair io good. Depends on the location and extent of damage (as 
determined by PET scan, MR diffusion with MR perfusion to identify the 
ischemic penumbra, the area of ischemic tissue on the periphery of the infarct 
that will likely infarct). 



















figure e- 61 . CT scans of intracranial hemorrhages, f A) Kpidtiral, (0) subarachnoid, and (C, Dj parenchymal hemorrhage* (Fig¬ 
ure A reproduced* with permission, from Kasper D\,, Bramiwuld H, Kanci AS* el id. Ifdmnl Principles of Internal Mcdidrw. 16th cch 
New York: McGraw-Hill, 2005: 24^11. Figures B-D reproduced, with permission* from Hopper All* Brown KH. Adams and Vidors Neu¬ 
rology, S(h Cfl* New York: McGraw-Hill, 2005: 711*713 am) 719.) 
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FIGURE 6 - 62 * Principal sites of saccular aneurysms. Size of the circles is proportional to 
frequency at lli.it site. 
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FIGURE 6-63* Diagram of the cerebral vasculature. 


Stroke Presentation According to Cerebral Location of Occlusion 

Middle cerebral artery (see Figure 6-63) 

Parietal lobe —* contralateral hemianesthesia (face and ami worse than 

leg). 

Frontal lobe —> contralateral hemiplegia (face and arm worse than leg). 
Temporal lobe —» homonymous hemianopia. 

If the dominant hemisphere is affected (usually left), aphasia will 
also develop, 

tf the nondominant hemisphere is affected (usually right), sensory 
neglect and apraxia will develop (no complex movements,inability 
to follow commands)* 

Anterior cerebral artery 

Parietal —» contralateral hemianesthesia (leg worse than face or arm). 
Frontal lobe —^contralateral hemiplegia* 

Medial frontal (midtine! —» urinary incontinence, re-emeigcnce of the 
grasp reflex. 

Posterior cerebral artery 

Occipital —> homonymous hemianopia with macular sparing* 

Anterior inferior cerebellar artery 

Ipsilaiernl loss of pa in/tempera lure sensation (CN VII); hearing loss 
and nystagmus (CN VIII); ipsilatcral d\stasia (inferior/middle cerebel¬ 
lar peduncle), which is difficulty controlling voluntary movements. 


KEY FACT 


Wallenberg's syndrome (lateral 
medullary infarct): 

» Ipsilaiernl: Horner's syndrome, 
decreased corneal reflex and 
facial numbness (sensory V), 
ataxia and intention tremor 
(inferior cerebellar peduncle), 
palatal weakness and decreased 
gag reflex (nucleus accumbens), 
nystagmus (vestibular). 

■ Contralateral: STT lesion leading 
to hemisensory loss of pain and 
temperature sensation. 


DYSKINESIAS 


Disorders of movement involve disturbance of voluntary movement or the 
presence of involuntary movements, commonly referred to as efrtrupyramidal 
diseases because there is no muscle weakness (as is the case in UMN lesions), 
May arise from basal ganglia lesions and present as resting tremor, chorea, 
or athetosis. Other regions involved are the cerebellar hemisphere, cerebellar 
vermis, and subthalamic nucleus. Dyskinesias are symptoms that may he part 
of a syndrome or disease. 




MNEMONIC 


Chorea = dancing (think 
choreography). 



KEY FACT 


Chorea Athetos = not fixed (think snake* 

Chorea is characterized by sudden, jerky, jmrposeless movements that arise I™)- 

from basal ganglia lesions* ——— 
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KEY FACT 

i__ 


If a right-handed patient presents 
with aphasia, it can be confidently 
assumed that the lesion is in the 
left hemisphere. Imaging (CT/MRI) 
confirms the clinical suspicion. 


KEY FACT 


■ Most individuals learn to read by 
transforming the printed word 
into the auditory form. Patients 
with Wernicke's aphasia may 
present with alexia because the 
auditory center for language 
(Wernickes area) is damaged. 

• Wernicke's aphasia is distinct 
from Wernicke-Korsakoff 
syndrome, a disease arising 
from thiamine deficiency 
(typically due to chronic alcohol 
abuse) that presents with 
encephalopathy, amnesia, 
ophthalmoplegia, and ataxia. 




MNEMONIC 


BfOca's Broken Boca 
Wernicke's is Wordy, 


KEY FACT 


Vascular dementia may be 

caused by; 

■ Multiple infarcts; large-artery 
atherosclerosis in the circle of 
Willis and carotids. 

m Binswanger's 

leukoencephalopathy: Loss 
of white matter secondary 
to hypertension-related 
atherosclerosis. 

■ lacunar infarcts: Small 1-cm 
infarcts of the striatum 

and thalamus related to 
arteriosclerosis. 


Diseases Characterized by Chorea 

Inherited disorders 
Himlrngton s disease 
Net 1 Toucan th ocy tosis 
Wilson s disease 
Infectious 

Streptococcal infection I rheumatic fever). 

Drug-induced chorea 

Neuroleptics (phenothiazincs, haloperidol). 

Phenyloiri. 

Oral contraceptives in women with systemic lupus erythematosus 
(SLK) and anti-phospholipid Ab. 

Excessive dosage of t.-dopu and dopamine agonists. 

*» Cocaine. 

Athetosis 

An inability lo maintain a body part in one position usually presents as slow, 
writhing movements {especially in the fingers) that alternate between exten¬ 
sion and flexion. Characteristic of a basal ganglia lesion. 

Hemiballismus 

Sudden, uncontrolled flailing of one limb results from a lesion in the contra¬ 
lateral subthalamic nucleus. 

Presentation 

A lesion in the subthalamic nucleus releases the thalamus from inhibition 
by the globus pallklus interims —> sudden uncontrolled flailing of the arm 
(continuous/intermittent). 

Diagnosis 

MR! showing signal changes in the contralateral subthalamic nucleus. 

Treatment 

Haloperidol, phenol h in/,inc. 

Prognosis 

If hemiballismus persists for weeks w ithout treatment* it may result in exhaus¬ 
tion and death. 


APHASIAS 


The muscles involved in generating speech, chewing, and swallowing arc 
intact. Therefore, these patients do not have a peripheral motor problem, but 
rather one that arises from a cortical lesion. Speech therapy is recommended 
for all patients with aphasia (see Table 6-26). 


DEGENERATIVE DISEASES 


Degenerative diseases, as with other CNS disorders, are best understood by 
recognizing the deficits associated with the specific region in which the lesion 
develops (see Table 6-27). 
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table 6-2 6. Peri sylvian Types of Aphasias 


Location 

Presentation 

Prognosis/Treatment 

Broca's area 

(inferior 
fronatl gyrus) 

Motor/nonfluent/expressive aphasia with good comprehension, 
thus patient is aware of problem, and therefore wifi be 
extremely frustrated, cannot say what they are thinnking and 
use mainly short monosyllabic nonsensical words. 

Often accompaniedd by contralateral weakness (hemiparests 
often on the right side) of the lower face and arm- 

May improve over time, excellent potential for 
functional recovery. 

Prognosis depends on the size of the Jesion, 
the age of the patient, and the status of the 
contralateral hemisphere. 

Wernicke's 
area (superior 
temporal 
gyrus) 

Sensory/fluent/auditory aphasia with impaired comprehension, 
neologisms, para phasic errors, and impaired repetition. 

Unaware of detect* 

Often with contralateral visual defects (right upper quadrant 
loss because optic radiations from Meyer's loop are aff ected), 

alexia. 

May improve over time* 

Prognosis depends on the size of the lesion, 
the age of the patient, and the status of the 
contralateral hemisphere. 

Less likely to go back to social life because of 
severe comprehension defect. 

Arcuate 

fasciculus 

Conduction aphasia because this structure connects Wernicke's 
to Broca's areas; poor repetition with intact comprehension and 
fluent speech. 

Cannot name objects. 

Prognosis depends on the size of the lesion, 
the age of the patient, and the status of the 
contralateral hemisphere. 

Global 

Both speech and comprehension affected due to large 
perisylvian or separate frontal and temporal. 

Often accompanied by right hemiplegia, hemianesthesia, and 
homonymous hemianopia. 

May regain degree of comprehension. 

Clinical picture may resemble Broca's aphasia 

after time. 
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Generally, symptoms associated with diseases affecting the cerebrum include 
personality changes, memory loss, seizures, and cognitive dysfunction (see 
'tables 6-28). 

Basal ganglia and spinocerebellar lesions generally present as movement dis¬ 
orders (see Table 6-29). 

Spinocerebellar lesions affecl the posterior column and present with ataxia 
(see Table 6-30.) 

Progressive Supranuclear Patsy 

Disease is characterized by widespread neuronal loss and subcortical gliosis 
dial notably spares the cerebral and cerebellar cortices. 

Presentation 

Onset in the sixth decade presenting with difficulty in vertical movement of 
gaze, pseudobulbar palsy (dysarthria, dysphagia, hyperactive jaw jerk and gag 
reflexes, and uncontrollable laughing or crying unrelated to emotional state), 
axial dystonia with repeated falls, and bradykinesia with memory' and intellect 
intact. 

Diagnosis 

Exclusion of other causes, prominent neurofibrillary tangles. 




MNEMONIC 


Treatment for Parkinson's is BALSA: 

Bromocriptine 

Amantadine 

Levodopa (with carbkbpa) 

Selegiline (and catechobO- 
methyltransferase inhibitors) 
Anticholinergics 



W - 

FLASH BACK 

k___-_ 


Wilson's disease results from 
autosomal recessive mutations 
in a membrane-bound copper 
transporter that overwhelms copper 
capacity. 












































TABLE fi-27. 

Motor Neuron Lesions 



Types 

Presentation 

Pathology 

Prognosis/ 

Treatment 

Amyotrophic 

lateral 

sclerosis 

CALS) 

Associated with both LMN and UMN signs with sparing 
of sensation; onset at 40-60 years old; most common 
motor neuron disease; rare idiopathic form in 40 to 60 
year olds (chromosome 21, SOD 1 mutant). 

UMN signs (spasticity, positive 
Babinski's sign). 

No treatment, 
rapidly fatal due to 
respiratory failure. 


Thenar atrophy first sign (LMN lesion), fasciculations, 
hyperflexion (UMN lesion lateral corticospinal tract). 

LMN signs (muscle weakness, 
denervation atrophy). 


Werdnig- 

Hoffman 

disease 

Autosomal recessive inheritance that presents at birth 
as floppy baby, tongue fasciculations, LMN disease. 

Degeneration of anterior horns; 
no UMN/corticospinal tract 
degeneration; congenital variant of 
ALS with only LMN signs. 

Median age of 
death 7 years, 
rapidly fatal. 

Poliomyelitis 

Follows infection (fecal-oral) with poliovirus; first 
replicates in orophamyx and SI before hematologic 
spread to CNS, presenting with LMN signs. 

Degeneration of anterior horns of 
spinal cord. 

Hospitalize with 
strict bed rest to 

reduce rate of 

paralysis. 


C5F with lymphocytic pleocytosis and slight elevation 
of protein. 


May develop new 

muscle weakness 

after recovery from 


Virus recovered from stool or throat. 


acute paralytic 
poliomyelitis. 



KEY FACT 


Parkinson's disease responds lo 
treatment, whereas Parkinson's 
syndromes do noL Also there is 
genetic or idiopathic damage to the 
substantia nigra in the disease, while 
all the causes listed here relate to 
basal ganglia and the syndrome. 


KEY FACT 


Cerebellar lesions (unilateral) 
present with ipsilateral ataxia, 
intention/movement tremor 
(difficulty smoothing movement), 
dysarthria (if in the lateral 
hemisphere, loss of complex 
movements of speech), and 
Rombergs sign (falling toward the 
affected side when the eyes are 
dosed). 


Treatment 

No definitive treatment. 

Prognosis 

Death within 6 to 10 years. 


DEMYEUNA11NG DISEASES 


Disease is characterized by the destruction of normal myelin (c.g., MS) nr the 
production of abnormal myelin (e.g., leukodystrophy; sec Table 6-31 )♦ 

Multiple Sclerosis 

Multiple sclerosis is defined as an inRuiuimtory autoimmune disorder char¬ 
acterized by autoantibodies directed against the myelin basic protein of oli¬ 
godendrocytes in the CNS, which leads to periventricular dcnivelination of 
CNS axons (UMNs) of the brain and spinal cord. There is an increased prev¬ 
alence in people who lived north of the Equator for the first decades of their 
lives. 11 most often affects Caucasian women 20-30 years old and is associated 
with 11LA-DR2. MS is second only lo Iramna as a cause of neurologic disabil¬ 
ity in early lo middle adulthood. 

Presentation 

Classic triad of scanning speech, intention tremor, and nystagmus, as well as 
UMN lesion signs (hyperreflexia). Is often relapsing-remitting. Optic neuritis. 




















































TABLE 6-28. 

Cerebral Cortex Lesions 
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Types 

Presentation 

Pathology 

Prognosis/Treatment 

Alzheimer's 

disease 

Slow, progressive mental deterioration with loss 
of short-term memory, anosmia, difficulties with 
language and planning skills. 

Senile plaques (p-amyloid core 
surrounded by distended neurites 
containing tau, extracellular) that 
silver stain positive. 

AchE inhibitors increase 

Ach and slow disease 
progression. 


Spares primary sensory and motor areas. 

p-Amyloid is toxic when deposited 
in neurons, leads to weakening 
of cerebral blood vessel walls 
resulting in amyloid angiopathy and 
intracranial hemorrhage. 

Survival 50% of expected 
rate secondary to 
cardiovascular and 
respiratory causes and 

inanition. 


Generalized cerebral atrophy beginning in 
temporal lobe and hippocampus leads to 
widened sulci, enlarged ventricles. 

Decreased A eh because toss of 

cholinergic nuclei in forebrain 
(locus ceruleus, nucleus basalis of 
Meynert), 



Tied with multi-infarct dementia as the most 
common cause of dementia in elderly. 

Neurofibrillary tangles (intracellular, 
abnormally phosphoryfated tau 



fl-Amyfo id increases when defects in degradation 
of amyloid peptide precursor, 

protein forming flame-shaped 
paired helical filaments twisted 
around each other). 



Familial form (10%) associated with onset at 
< 40 years and genes on chromosome 1 and 14 
{presene!in 1 and 2 leads to hype rphosphory late d 
tan and neurofibrillary tangles), 19 (APOE4 
allele), and 21 (p -App gene increases amount 
of amyloid peptide precursor amount, leading 
to increased production of p-amyloid, which 
explains Down's syndrome earlier onset and near 
100% prevalence at age 30*40. 


Pick's 

disease 

First sign is personality changes (disinhibition, 
dementia, impaired judgment) with language 
disturbance (aphasia). 

Swollen neurons with Pick bodies 

(intracellular aggregated tau 
protein); straight filaments observed 
with silver staining. 

Limited treatment 

options similar to 
Alzheimer's, targeting 

neurotransmitters. 


Aspects of Alzheimer's (memory loss) except with 
earlier age of onset (< 50 years), descent into the 
sea of mindlessness. 

Loss of white matter underlying 
atrophic cortex, specific for frontal- 
temporal lobes, gliosis. 


Mufti-infarct 

Second most common cause of dementia. 

Secondary to atherosclerosis. 

Vascular prophylaxis and 

(vascular) 

dementia A progressive, stepwise decline in functioning. 


stroke prevention. 
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TABLE 6-29. Basal Ganglia Lesions 


Types 

PRESENTATION 

Pathology 

Prognosis/Treatment 

Huntington's 

disease 

Autosomal dominant with complete penetrance 
and development of progressive athetoid 
chorea in all four limbs (writhing), dementia, 
emotional disturbances, onset at 35-45 years 
with anticipation. 

Atrophy of caudate nucleus 
leads to loss of GABAergic 

neurons. 

Symptomatic treatment with 
haloperidol effective in suppressing 
movement disorder (care must 
be taken not to superimpose 
tardive dyskinesia; prescribe only 
for chorea that is functionally 
disabling). 


Atrophy of the caudate (head) and putamen 
may make lateral ventricles appear enlarged 
when imaging (‘bat-wing" frontal horns). 

Expansion of CAG repeats 
(polyglutamine) on 
chromosome 4 that results 

In aggregation of mutant 
huntingtrn protein (toxic to 

Incurable; steadily progressive 
course and death 15-20 years 

after onset with increased rate 

of suicide; requires supportive 
therapy and genetic counseling. 


Spared memory, increased blinking, impaired 
initiation and slowness of both pursuit 
and volitional saccadic movements and an 
inability to make a volitional saccade without 
movement of the head. 

neurons). 

Length of repeat determines 
age of onset and severity (worse 
when inherited from affected 
father; allele more unstable during 
spermatogenesis leads to paternal 
expansion). 

Parkinson's 

disease 

Clinically defined by TRAP-F: Tremor at rest 
(e.g., pill-rolling), cogwheel Rigidity, Akinesia/ 
bradykmesia, Postural instability, Festinating 
gait, flat affect. 

Lewy body inclusions 
(eosinophilic with halo, 
aggregate of (Vsynuclein 
representing damaged 
neurofilaments) diffusely in 
cortical neurons with few or 

no tangles or plaques. 

Disease course 10-25 years. 


Rarely, linked to ftrtPTP exposure (meperidine 
derivative {synthetic heroin]}. 

Depigmentation of the 
substantia nigra (secondary 

Dopamine agonists, levadopa carry 
risk of drug-related dyskinesias. 


Arises from any insult that damages basal 
ganglia, including antipsychotics that are 
dopamine agonists, ischemia, chronic carbon 
monoxide poisoning, Wilson's disease, 
encephalitis. 

to loss of dopaminergic 
neurons). 

Surgical intervention when positive 
response to levodopa; ablation/ 
functional blockade (deep brain 
stimulation) of subthalamic 
nucleus effective at treating 
symptoms with no risk of drug- 
induced dyskinesias with long-term 
dopamine replacement therapy. 









































TABLE 6-29. 

Basal Ganglia Lesions (continued) 
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Types 

Presentation 

Pathology 

Prognosis/Treatment 

Wilson's 

disease 

Onset at age 20-30 years, with asterixis, 
dystonia, tremor, and dementia preceded by 
liver cirrhosis, greenish-brown pigmentation 
around iris (Kayser-Fleischer rings in cornea). 

Copper accumulation 
leads to a decrease in 

ceruloplasmin, increased 
urinary copper, causing 
degeneration of basal 
ganglia and clinical signs 
secondary to copper toxicity. 

Zinc, penicillamine (copper 
chelator) + pyridoxine to prevent 
anemia effective at preventing 
progression of neurologic 
symptoms, low-copper diet. 



Liver biopsy and copper 
quantification is gold 

standard. 

Liver transplantation curative for 
underlying metabolic defect. 

Dementia 

with Lewy 

bodies 

Extra pyramidal parkinsonian features because 
of loss of dopaminergic neurons, dementia, 
episodic delirium (visual hallucinations)* 

Widespread formation of 
Lewy bodies in substantia 
nigra, limbic, nucleus basalis 

Selegiline, MAOI may be helpful. 


of Meynert 

Undulating course. Mortality eventually results from 

complications of immobility, 
poor nutrition, and swallowing 
difficulties. 


table 6*30. Spinocerebellar Lesions 
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Types Presentation Pathology Prognqsis/Treatment 

Olivopontocerebellar 

atrophy 

Loss of Purkinje cells leads to cerebellar lesion 
signs of ataxia (broad-based gait), dysarthria, 
intention tremor, generalized rigidity and 

Loss of Purkinje cells 
(GABAergic in cerebellar 
cortex). 

Progressive 

neurodegeneration with no 

definitive treatment 


dementia. 

MRl shows flattening of 
pons, enlarged fourth 

ventricle. 

Alzheimer's disease 

inheritance. 

Falls and aspiration 
pneumonia contribute to 
morbidity and mortality. 

Friedreich's ataxia 

Autosomal recessive trinucleotide repeat 
disease, with onset of symptoms in the first 
decade of life, presenting as a cerebellar lesion 
along with loss of proprioception resulting from 
destruction of dorsal root ganglion, decreased 
tendon reflexes, positive Babinskr's sign. 

"Atrophy of spinal cord," 
diffuse neuronal loss of 
posterior (DCT) white 
columns, spinocerebellar 

tract 

Poor prognosis, no definitive 

treatment. 


Most common hereditary ataxia; autosomal 

dominant inheritance. 

Pathology mimics 
subacute combined 



Associated with myocarditis and hypertrophic 
cardiomyopathy. 
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degeneration of the spinal 
column. 
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TABLE 6-31. Primary Characteristics of Demyelinatmg Disease 


imm hi 

Types 

nmiir—iWHPwniiiinuHiiwMiiitiiiiJii 

Presentation 

anMtniiwniiiiiii»niii 

Pathoiogy 

Prognosis/ 

Treatment 

Multiple sclerosis 

Scanning speech, 

intention tremor and 
nystagmus: optic neuritis, 
transverse myelitis and 

MLF syndrome common. 

Gliosis (chronic); 
macrophage (acute); 
periventricular 
demyelrnation. 

interferon 

beta. 

Progressive multifocal 

1 eu ko enceph a 1 o pa thy 

Weakness, speech 
disturbance. 

Infection of 

oligodendrocytes by 

JC vims. 

tWlinffllimi UttaRm 

Hospice 

care. 

iimutuHniiTinriiitiaMt 



KEV FACT 


MI.K syndrome/intemuclear ophthalmoplegia (see MU-' discussion below), 
paraplegia, hemiparesis, anti he mi sensory paresthesias. 


Cerebellar hemispheres ate laterally 
located, and control the lateral 
limbs; the vermis is centrally located, 
and lesions affect the central body. 
Therefore, cerebellar vermis lesions 
present with truncal ataxia, while 
hemispheric lesions present with 
intention tremor and limb ataxia. 



FLASH SACK 


Poliovirus is a picornavirus with 
single-stranded RNA and is 
icosahedral. 



KEY FACT 


Syringomyelia may also initially 
present with motor deficits, including 
thenar atrophy: however, in 
amyotrophic lateral sclerosis (Al.$), 
afferent sensation is spared, 




MNEMONIC 


Triad of MS is a Si(I)N: 
Scanning speech 
Intention tremor 
Internudear ophthalmoplegia 
Nystagmus 


Diagnosis 

I Iie diagnosis is made on the basis of ihe history and physical exam and must 
show evidence of multiple lesions occurring or worsening over multiple epi¬ 
sodes. Labs may show increased polyclonal IgC (oligoclonal bands on elec¬ 
trophoresis), myelin basic protein, and leukocytes in the CSF. MRI shows 
mullifocal plaques of periventricular demyelinalion in the white matter and 
correlates with future disease severity (see Figure 6-64), The acute lesion has 
macrophage infiltrates and CDS 4 T cells. The chronic lesion is characterized 
hy gliosis (scarring). 

Treatment 

Interferon beta and immunosuppressive therapy have proven effective at 
improving disease severity and reducing relapse rates. 

Prognosis 

I In treated patients will develop severe physical disability within 20-25 years of 
onset. Lark treatment may help counteract progressive brain atrophy. 

Progressive Multifocal Leukoencephalopathy 

A fatal subacute progressive dcmyelinating disease resulting from reactivation 
of latenl John Cunningham (JC) infection of H lymphocytes (especially in 
AIDS patients) thal pass through the RBB and cause eventual infection of oli¬ 
godendrocytes. This leads to widespread deslruction of white matter. 

Presentation 

Weakness and speech disturbance, with no change in mental status. 

Diagnosis 

MRI for while matter lesions. Eosinophilic intranuclear inclusions in 
oligodendrocytes. 

Prognosis 

Severe dementia, often progressing to death within 6 months to l year. Prog¬ 
nosis may he better in patients with higher CD4 + lymphocyte counts. 
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FIGURE 6-64. Multiple sclerosis. | A) Axial first-echo image from 1 2-weigfitcd sequence dcinonslnttes mulliple bright signal ab¬ 
normal sties in while matter, typical for MS. These de myelinating lesions may sometimes mimic brain tumors be cause of the associated 
edema and inflammation, (B) Common locations where plaques ofdemyelination occur and the histologic features of a plaque, includ¬ 
ing perivascular infiltration of inflammatory cells composed of activated T cells, B cells, and macrophages, i figure A reproduced, with 
permission, from Kasper 1)1 Braimwald E. Fauci AS, el al. Hdmstms Principles af Internal Medicine* Ifitli ed. New York McGraw-Hill, 
200^: 2465. Figure B modified, with permission, from Chandrasoma P t Tavlor GR, Concise Pathology, Srdcd, Yew York; McGraw-Hill, 
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Acute Disseminated (Postinfectious) Encephalomyelitis 

Dcmyel mating disease follows infection with measles, mumps, rubella, and 
ehickenpox, with a notable febrile prodrome. Distinct from subacute scleros¬ 
ing panencephalitis by the liming of symptom onset. Specifically, the onset of 
acute post)infectious encephalomyelitis is much sooner than is the onset of the 
subacute variant, 

Pfl£S£N7fl770N 

Seen in 11- to 12-year-olds with a history of recent infection or immuniza¬ 
tion presenting with abrupt onset of irritability and lethargy, mental status 
changes, and seizures. 

Diagnosis 

MR I, CSF to exclude other diagnoses; history of recent vaccination or exan¬ 
thematous illness. 



KEY FACT 


Internudear ophthalmoplegia results 
from a lesion of the MLF and is 
therefore also called JV 1 LF syndrome. 
When ihe affected eye is adducting 
nystagmus is seen in the abducting 
opposite eye, indicating medial 
rectus palsy. 



FLASH BACK 


JC virus is a papovavirus that causes 
PML in patients with iate-stage AIDS. 
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KEY FACT 


Think of Cuilfain-Barr£ as MS of the 
PM 5, 




FLASH BACK 


Metachromatic leukodystrophy 

is an autosomal recessive lysosomal 
storage disease (accumulation of 
suifatides) that is fatal in the first 
decade and presents with progressive 
paralysis, dementia, and ataxia. 



FLASH BACK 


Krabbe's disease is an autosomal 
recessive disorder that leads to an 
accumulation of galactocerebroside 
in large, muitinudeated histiocytic 
cells in the CMS. This results in optic 
atrophy and a classic presentation of 
blindness and peripheral neuropathy 




MNEMONIC 


Krabbe's (crabs) cannot see and 
have poor sensation with their 
pincers (blindness and peripheral 
neuropathy). 


Treatment 

High-dose corticosteroids. 

Prognosis 

Complete recovery without apparent pathologic sequelae; degree of recovery 
is unrelated to severity of illness. 

Guillain-Barre Syndrome 

Inflammatory autoimmune demyelination of peripheral motor ventral roots 
and cranial nerves is often associated with infections. Guillain-Barre syn¬ 
drome is associated with previous inoculation or infection (1-3 weeks earlier) 
by herpesvirus, Campylobacter jejuni. Mycoplasma pneumoniae, and possibly 
with flu vaccination. Notably, males and females arc equally at risk. The auto¬ 
immune reaction is presumed to result from an immune response to non-self 
antigens that become misdirected against host nerve tissue. 

Presentation 

Presents without fever Patients are areflcxic, with rapidly evolving symmet¬ 
ric ascending muscle weakness and paresthesias that begin in the distal tower 
extremities. History of antecedent infection/inoculation. Significant risk of 
respiratory muscle paralysis over time. May have autonomic dysfunction —* 
cardiac dysrhythmias, hypertension, hypotension. Facial diplegia (bilateral 
facial paralysis in 50% of cases). Deep, aching pai n in weakened muscles. 

Diagnosis 

Clinical presentation, elevated CSF protein with normal cell count —> 
papilledema. Abnormalities of nerve conduction by EMC, 

Treatment 

Respirators' support is critical, as the disease ascends to involve the dia¬ 
phragm. Treatment also includes plasmapheresis and IV immune globulins 
once I he diagnosis is made. 



KEY FACT 


Viral infection of oligodendrocytes 
is the key feature of subacute 
sclerosing encephalitis (measles) 
and progressive multifocal 
leukoencephalopathy (JC virus). 


KEY FACT 


Adrenoleukodystrophy is an 

Xdinked recessive enzyme deficiency 
in [5-oxidation of fatty acids in 
peroxisomes that causes a build-up 
of long-chain fatty acids. This results 
in generalized loss of myelin in 
the brain, coupled with adrenal 
insufficiency. 


Prognosis 

Dcall i (< 5%) secondary to pulmonary complications within days; therefore, 
respiratory support is important. Most patients make a full recovery with sup¬ 
portive care. Prognosis is worse if axonal damage is evident 

Central Pontine Myelinolysis 

Disease occurs in the hyponatremic {marathon runners who drink too much 
free water) and in patients who have had rapid IV correction of hyponatremia, 
thereby causing hypernatremia (ix\, liver transplant patients). In the CNS, 
this results in fluid moving from the neurons into the extracellular compart¬ 
ment, leading to a decrease in intracellular volume and subsequent demyeli¬ 
nation. 

Presentation 

Rapid-onset quadriparesis with dysarthria/dysphagia. 

Diagnosis 

MRI shows a diamond-shaped or "bat wing" region of demyuli nation in I he 
basis pout is that spares neurons and axons with no inflammation, distinguish¬ 
ing it from MS. 









Treatment 

Avoid by slow correction of hyponatremia (It) avoid hypernatremia). 

Prognosis 

Maximum recover}' within months; death is common. 



KEY FACT 

i_ 


Physiologic myoclonus is 
characterized by sudden jerking 
movements white fatting asleep. 


SEIZURES 


Seizures are characterized by focal or global neuronal hyperactivity that causes 
a sudden change in behavior. This change manifests differently, depending on 
the region of the brain affected (see Tabic (>12), 


TABLE 6 - SI . 

Types of Seizures 
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Type 

Presentation 


Treatment/ 

Prognosis 

Etiology by Age 


Simple; Consciousness Can secondarily 

rntad with motor, sensory, generalize, 

autonomic, and psychic 
components. 

Complex; Components Carbamazepine 

of simple without intact for complex partial 

consciousness. seizures. 

Generalized Absence (petit mat). Do not treat 

2 years old to puberty with absence seizures 

blank stare, with sodium 

“ channel blockers, 

Myo don i c as t hey wilt worse n 

Quick, repetitive jerks. the seizijre 

TonEc-clonic 

Alternating stiffening and 
movement as it spreads 
across both hemispheres. 

Post-ictal phase leads to 
the recovery phase, 
with exhaustion and 
disorientation. 


Children; Genetic, 
infection, trauma, 
congenital, 
metabolic. 

Adults: Tumors, 
trauma, stroke, 
infection. 

Elderly; Stroke, 
tumor, trauma, 
metabolic, infection. 


Partial (one 
area of the 
brain) 



Eating undercooked pork infected 
wilh Taenia solium may lead to 
neurocysticercosis. This is the 
leading cause of seizures in Mexico. 


KEY FACT 


Status epilepticus is defined by 
one or more seizures lasting 
more than 20 minutes without 
regaining consciousness. Typically, 
it presents as a tonic-clonic seizure 
characterized by sudden loss of 
consciousness, tonic contraction, 
and loss of postural muscles, 
followed by rhythmic contractions in 
all four limbs. Immediate treatment 
with clonazepam is needed to 
prevent anoxia and exototoxic 
neuronal damage. 



KEY FACT 


An EEG spike-and-wave 
complex signifies increased 
hypersynchronirity and provides a 
useful tool to diagnose seizure. 


Tonic 

Stiffening (usually in 
children). 


Atonic 

"Drop" seizures. 

May-White Lipoma, ataxia, and deafness. Familial progressive 
syndrome myoclonic epilepsy. 
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KEY FACT 


CEREBRAL EDEMA 


Patients with head trauma are 
intentionally hyperventilated to 
produce respiratory alkalosis, 

which causes cerebral vessel 
constriction by decreasing Pco 2 , 
This aims to decrease cerebral 
blood flow to decrease the risk of 
increased vessel permeability and 
cerebral edema. 



KEY FACT 

i_ 


Respiratory acidosis causes 
increased vessel permeability, which 
enhances cerebral edema. 



KEY FACT 


Cushing's reflex is defined as 
bradycardia with hypertension 
secondary to cerebral ischemia. 

Both arms of the autonomic system 
are activated, with the sympathetic 
nervous system driving more blood 
centrally and baroreceptors activated 
to decrease heart rate. 



KEY FACT 
L_ 


Astrocytomas account for 70% of 
neuroglial tumors and are located 
in the frontal lobe of adults and the 
cerebellum in kids. The tumor grade 
determines the malignant potential. 



KEY FACT 


Glioblastoma multiforme is 
associated with Turcot's intestinal 
polyps. 


An increase in ICP (i.e., intracranial hypertension) can occur 2-4 days postin- 
farction. Edema may he: 

Intracellular: Secondary to hypoxia and hyponatremia. 

Extracellular: Increased vascular permeability secondary to inflammation, 
metastasis, trauma, respiratory acidosis —> space-occupying lesions that 
cause mass effect on underlying brain tissue. 

Presentation 

Classic signs of increased ICP —» papilledema (swelling of the optic disk), 
projectile vomiting, sinus bradycardia, hypertension, and decreased level of 
consciousness. 

Treatment 

Address the underlying etiology if possible and manage ICP (shunt). 

Prognosis 

Potential for herniation; poor prognosis. 


CEREBRAL CONTUSION 


Permanent damage to small blood vessels and the surface of the brain, typi¬ 
cally due to acceleration-deceleration injuries. 

Presentavon 

Coup (at the site of impact) and contrecoup (opposite the site of impact, usu¬ 
ally at the tips of the frontal and temporal lobes) injuries. Contrecoup inju¬ 
ries arc typically more devastating because of the increased forces necessary to 
transmit energy across the brain, resulting in diffuse axonal damage as well. 

Diagnosis 

CT or MRI. 

Treatment 

Rarely treated by surgery. 

Prognosis 

May progress to herniation as edema develops. 


PRIMARY BRAIN NEOPLASMS 


Neoplasms may result in mass effect, which presents as seizures, dementia, 
focal lesions, increased ICP (headache worse in the morning, nausea, vom¬ 
iting, and bradycardia with hypertension). Primary brain tumors seldom 
undergo metastasis. Most adult primary tumors arc supratentorial, whereas 
the majority of childhood primary tumors are infratentorial (see Figure 6-65 
and Table 6-33). 1 lalf of adult brain tumors are metastases from, in decreasing 
prevalence, lung, breast, melanoma skin, kidney, Gl tract, and thyroid can¬ 
cers. Metastatic brain lesions present as multiple spherical lesions at the gray- 
while junction that frequently bleed. 
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Meningioma 


Glioblastoma mutiitorme 
{grade IV astrocytoma) 

Pilocytic (low-grade) 
astrocytoma 



Oligodendroglioma 





* ~ 


Craniopharyngioma 
Pituitary adenoma 


Post. Ant 

Supratentorial 

FIGURE 6-65. Location of adult and childhood primary brain neoplasms. 


Medulloblastoma / 

Hemangioblastoma \ Schwannoma 


Ependymoma 

Infratentorial 


Pituitary Adenomas 

Benign neoplasms arise from one of the five anterior pituitary cell types, and 
arc generally monoclonal. 

Presentation 

Prolactin-secreting adenoma is the most common form. Compression of the 
optic chiasm and hypothalamic stalk/infundibulum (hyper- or hypopituitar¬ 
ism) leads to a classic presentation of daily headache and gynecomastia in 
males; secondary amenorrhea in females with galactorrhea is common, 

Diagnosis 

MR1, endocrine studies. Transsphenoidal surgery confirms the results of clini¬ 
cal and lab studies. 

Treatment 

Transsphenoidal surgery, normalization of excess pituitary secretion (dop¬ 
amine agonists for prolactinomas). 




MNEMONIC 


Bilateral hemianopsia resulting 
from sella turcica mass lesions, 
differential by age: 

Adults Pituitary Adenoma 
Krds —* Krantopharyngioma 



KEY FACT 


Astrocytes can be visualized by 
staining for glial fibrillary acidic 
protein (GFAP). 



KEY FACT 


Prognosis 

If the lesion is resectable with preservation of pituitary function, then the 
prognosis is good. 


Meningiomas are associated 
with neurofibromatosis. Type II 
neurofibromatosis is associated with 
bilateral schwannomas. 


SPINAL CORD LESIONS 


See Tables 6-34,6-35, and 6-36 and Figure 6-66, 

Brown-Sequard Syndrome 

Brown-Sequard syndrome results from hemisection of the spinal cord that 
interrupts conduction through the lateral corticospinal tract (CST, motor), 
lateral spinal thalamic tracts (STT, pain and temperature sensation), and dor¬ 
sal columns (DC, proprioception and tactile sensation). 



KEY FACT 


Psammoma bodies are associated 
with meningioma, papillary 
adenocarcinoma (thyroid), papillary 
cystadenotartinoma (ovary), and 
mesothelioma. 
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TABLE 6-33. 

Primary Brain Neoplasms 

... .. 

Type Presentation and Pathology 

PhognosisAreatment 

Adult peak 
incidence 

Glioblastoma 

multrforme 

Tseudopalisading* tumor cells border central areas of 
necrosis and hemorrhage, with ring-enhancing appearance 
in imaging; found in cerebral hemispheres (frontal lobes most 
commonly) and may cross corpus callosum; ill-defined mass; 
most common primary brain tumor; high-grade astrocytoma. 

< l year life expectancy, 
poor prognosis; seed 

neuraxis via C5F. 


Meningioma 

Occurs in convexities of hemispheres and parasagittal region, 
leading to spastic paresis and urinary incontinence; arises 
from arachnoid cells external to the brain, nnay be resectable; 
symptoms arise from mass effect rather than infiltration of 
brain; spindle celts concentrically arranged in whorted pattern, 
psammoma bodies (laminated ca Ed fications); most common 
benign primary CNS tumor in adults; common cause of 
new-onset focal seizures. 

Resectable. 


Schwannoma- 

neurofibrama 

Third most common primary brain tumor, benign; Schwann 
cell origin often localized to CN VIII at the cerebellopontine 
angle (vestibular schwannoma); may arise from any spinal 
root or CN except 1 and M (myelinated by oligodendrocytes); 
densely uniformly-enhancing on MRI; present with progressive 
unilateral tinnitus, hearing loss, ataxia with positive Romberg's 
sign (because localized at cerebelloponline angle); commonly 
occurs in neurofibromatosis II. 

Resectable; may preserve 
hearing if small and prevent 
compression of cerebellum, 
pons, and facial nerve; 
patient usually deaf at 
presentation. 


Oligodendroglioma 

Slow growing, rare tumor most often in frontal lobes; "fried 
egg" cells with round nudei with clear cytoplasm; often 
calcified. 

Surgical resection. 


Pinealoma 

50% are germinomas that occur more often in males 
< 30 years old with symptoms similar to pure pineal gland 
tumor without melatonin abnormalities; pineal gland tumors 
compress superior colliculus, pretectal area, and cerebral 
aqueduct (obstructive hydrocephalus); also interrupt melatonin 
production, leading to disruption circadian of rhythm, insomnia; 
may calcify with age; precodous puberty. 

Surgical resection. 


Pituitary adenomas 
(see section above) 


Childhood 

peak 

incidence 

Pilocytic 

Diffusely infiltrating benign glioma most often seen in posterior 
fossa (cerebellar); Rosenthal fibers (eosinophillic corkscrew 
fibers resulting from accumulation of a [i crystalline specific to 
astrocytes); cyst with mural nodule. 

Good prognosis. 


Medulloblastoma 

Highly malignant tumor with rosettes or perivascular 
pseudo rosette partem of cells; arises in cerebellar vermis; 
small, basophilic cells; presents with ataxia, projectile vomiting, 
nuchal rigidity; can compress fourth ventricle leading to 
hydrocephalus and increased ICR 

Radiosensitive, may 
progress to cerebellar 
herniation without surgery. 



















































TABLE 6*33* Primary Brain Neoplasms (continued) 
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Type Presentation and Pathology Prognosis/Treatmint 

Ependymoma Ependymal celt tumors most commonly found in fourth Poor prognosis, 

ventricle; characteristic perivascular pseudorosettes 
(ependymal cells around small vessels); rod shaped 
blepharoplasts (basal ciliary bodies) found near nucleus; 
can cause hydrocephalus (nausea, vomiting, nuchal rigidity, 
increased ICP). 

Hemangioblastoma Associated with von Hrppel-Undau syndrome when found Resection, 

with retinal angiomas; foamy cells and high vascularity are 
characteristic; may produce erythropoietin, causing secondary 
polycythemia; mesodermal origin. 

Craniopharyngioma Most common childhood supratentorial tumor, benign; derived Resection. 

from remnants of Rathke's pouch (ectoderm resembling tooth 
enamel [ameloblasts]); distinguish from pituitary adenoma by 
histology (nests of uniform granular cells); present with growth 
failure, papilledema; compression of pituitary stalk leads to 
hypopituitarism, while compression of optic chiasm leads to 
bitemporal hemianopsia. 

Retinoblastoma Malignant retinal tumor of childhood; sporadic; is generally 

unilateral, whereas bilateral suggests rb gene deletion; two-hit 
hypothesis prototype. 


Radiotherapy, cryotherapy, 
chemotherapy, or 
enucleation. 
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Childhood 

peak 

incidence 

(continued) 


table 6-34, Comparison of Lower and Upper Motor Neuron Lesions 
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Lower Motor Neuron 


Motor Neuron Signs 

Upper Motor Neuron (UMN) 

{LMN) 

Weakness 

+ 


Atrophy 

- 

+ 

Fasciculation 

- 

+ 

Reflexes 

T 

i 

Tone 

T 

l 

Babinski 

+ 
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Nerves that run from the brain to the spinal cord originate from upper motor neuron (UMN); nerves 
that run from the spine to periphery originate from lower motor neuron (LMN). 



KEV FACT 

L_ 


Ependymoma arises in the cauda 
equina in adufts. 



KEV FACT 


Choroid plexus papillomas occur in 
the lateral ventricles of boys. 



KEY FACT 


Subependymal giant cell astrocytoma 
is pathognomonic for tuberous 
sclerosis (also with cardiac myomas 
and renal angiomyalipomas). 




















































MNEMONIC 


- Roois 


Randy Travis Drinks Cold Beer: 

Roots 

Trunks 

Divisions 

Cords 

Branches 


C5 06 07 C8 Tt 



Flexors 


figure 6-6Gp Diagram of the brachial plexus and associated presentation of lesions. 

Rad - radial nerve; Ax - axillary nerve; 1 .T = long thoracic nerve; MC = musculocutaneous 
nerve; Med = median nerve; Uln = ulnar nerve. 1 Waiter's tip (Erbs palsy); 2. Claw hand 
(Klimipkc's palsy): A Wrist drop: 4. Winged scapula; 5. Deltoid paralysis; 6. Saturday night 
palsy (wrist drop); Difficulty flexing elbow, variable sensory loss; S. Decreased thumb func¬ 
tion, Pope's blessing; l h Intrinsic muscles of hand, daw hand. 



KEY FACT 

i______ 


CNS lymphomas generally result 
from metastasis of high-grade non- 
Hodgkin's lymphoma of B-cell origin. 


Presentation 

Ipsilateral UMN signs below the lesion (CST). 

Ipsilateral loss of tactile, vibration, and proprioception (DC) at and below 
the lesion. 

Contralateral loss of pain and temperature below the lesion (because of 
crossing fibers, STT). 

lpsilateral loss of pain and temperature at the level of the lesion. 

LMN signs at the level of the lesion. 

If the lesion is above Tl, patient may present with Horner’s syndrome. 


Diagnosis 

History and physical exam. 

Treatment 

Early treatment with high-dose steroids has shown benefit, as have physical 
therapy and surgery. 

Prognosis 

Poor; depends on the etiology of the syndrome (trauma, infection, disk 
herniation). 












FLASH BACK 


TABLE 6 *■ 3 5. Upper Extremity Nerve Injury 


Nerve 

SrTE of Injury/Defjcit in Motion 

Deficits in Sensation/Course 

Radial (C5-C8) 

Shaft of humerus, leading to loss 
of triceps brachii, braehioradialis, 
and extensor carpi radialis. 

Posterior brachial cutaneous, 

also involved in lateral 
epicondylitis ("tennis elbow")- 

Median (C5-C11) 

Supracondyle of humerus 

leaving arm muscle power intact 
with loss of forearm pronation, 
wrist flexion (with ulnar deviation), 
finger flexion, thumb abduction 
and apposition, thenar atrophy. 

Loss of sensation over the 
lateral palm, thumb and radial 

2.5 fingers, and thumbnail 

bed. 


Carpal tunnel syndrome 
(repetitive use Injury). 

Passes through pronator teres, 
under flexor retinaculum in 

carpal tunnel 


Slashing the wrist causes loss 
of thenar musde innervation, so 
thumb movement is lost except for 
adduction. 

TineTs sign (shock-like 
pain when lightly tapped 
on underside of wrist) 
and Phalen's sign (wrist in 
flexion reproduces painful 
symptoms). 

Ulnar (C8-TT) 

Medial epicondyle causing 
impaired wrist flexion and 
adduction, impaired adduction 
of thumb and ulnar two fingers 
(daw-hand deformity), and 
wasting of hypo thenar eminence 
and PAD/DAB muscles. 

Loss of sensation over medial 
palm and ulnar 1.5 fingers. 

Passes through carpi ulnaris, 
at elbow; passes between 
medial epicondyle and two 
heads of flexor carpi ulnaris. 

Axillary (CS and CG) 

Surgical neck of humerus or 

anterior shoulder dislocation 

causes loss of deltoid action 

(failure to abduct arm > 15 
degrees). 

On physical exam, palpable 
depression under acromion. 

Musculocutaneous 

(C5-C6) 

»« i nriiMiirrin h ir i minim i h 

Loss of function of 

coracobrachialis, biceps, and 
brachialis muscles, along with 
decreased supination. 

Ht* wain iMiM^iniHtaawtiituMBMttiilmii ■ —fin 

Passes through 

coracobrachialis and continues 

as lateral cutaneous nerve of 

forearm below elbow. 


Poliomyelitis 

Ocstruclion of the interior horn of the spin;]] cord occurs secondary to fecal- 
oral infection by poliovirus (a picornavirus) and leads to LMN destruction 
(see Figure 6-4y). Poliovirus replicates in the arophayrnx and small intestine 
before spreading through the bloodstream to the CNS. 



Primary CNS lymphoma is associated 
with AIDS. EBV-mediated B-cell 
lymphoma is the most common 
cerebral tumor in AIDS patients MRI 
showing a single ring-enhancing 
lesion distinguishes it from 
toxoplasmosis (multiple lesions). 



FLASH BACK 

h_ 


In contrast to craniopharyn¬ 
giomas (which arise from the 
remnant Rathke's pouch and 
create symptoms by interruption 
of the infundibulum connecting 
the hypothalamus to the pituitary), 
pituitary adenomas arise from 
cells within the pituitary gland itself 
with symptoms resulting from a 
combination of aberrant tumor cell 
hormone secretion end mass effect. 



KEY FACT 


Familial syndromes associated with 
pituitary adenomas include multiple 
endocrine neoplasia {MEN \), 
McCone-Albright syndrome, and 
familial acromegaly. 




MNEMONIC 


Lower MN = everything lowered 
(less muscle mass, decreased tone, 
decreased reflexes, down going 
toes). 

Upper MN - everything up (tone, 
reflexes, and toes, and positive 
Babinski's sign). 









































KEY FACT 


Multiple sclerosis exhibits random 
and asymmetric lesions due to 
demyelfnatton, mostly in the 
white matter of the thoracic and 
cervical regions, which results 
m a combination of motor and 
sensory deficits. The most common 
presentation with spinal cord lesions 
is episodic paraparesis. 



KEY FACT 


Loss of CSV leads to musde atrophy. 
ALS is rapidly latal secondary to 
respiratory muscle failure. 


TABLE 6-3 6, Lower Extremity Nerve Injury 


Deficits in Sensation/ 

Nerve Deficit in Motion Course 


Common peroneal 
(L4-S2) (divides into 
superficial and deep 
branches at the neck 
of fibula) 

Loss of dorsiflexion, causing foot 
drop. 

Anterior compartment 
syndrome results from 

Deep peroneal: Innervates 
muscles of anterior compartment, 
first web space sensation. 

increased pressure that 
causes compression of the 
deep peroneal nerve and 
vasculature, causing foot 


Superficial peroneal: Innervates 
lateral compartment muscle. 

drop and weak dorsalis 
pedis pulse. 

Tibia! (L4-S3) 

(courses inferior to the 
lateral malleolus) 

Loss of plantarflexion because the 
tibia! nerve innervates the posterior 
compartment of the thigh and leg. 

Plantar surface of foot 

Femoral (L2-L4) 

Loss of knee extension/knee jerk. 

Paresthesias of anterior 

Obturator (L2-L4) 

Loss of hip adduction. 

thigh and medial leg. 


(exits through the 
obturator canal to 
enter the thigh) 
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KEY FACT 


Spinal artery infarction (anterior/ 
ventral arteries are more susceptible 
because of sparse collaterals) 
presents with: 

* Bilateral loss of pain and 
temperature (STT). 

■ Bilateral spastic paresis (CST). 

■ Flaccid paralysis (LMN). 

Loss of bladder control results 
from loss of CST innervation in the 
S2-S4 parasympathetic fibers. If 
the infarction is above T2, presents 
as Horne/s syndrome. The dorsal 
columns and tract of Lissauer (tract 
in which the STT travels superior and 
inferior) are spared, 



KEY FACT 


Presentation 

Makiisc, headache, fever* nausea, abdominal pain, and sore throat character¬ 
ize the acute infection. Signs of LMN lesion include muscle atrophy, flaccid 
paralysis, and hyporeflexia, with preserved sensation. 

Diagnosis 

CSV with lyinplioeytic pleocytosis, with slight elevation of protein. Virus is 
recovered from stool or the throat. 

Treatment 

Prevention with vaccine (Salk inactive parenteral vaccine). Oral vaccines 
carry the risk of disease. Bed rest decreases the incidence of paralysis; inten¬ 
sive care is needed if respiratory muscle weakness occurs. 

Prognosis 

Nigh mortality rate if bulbar; persistent muscle weakness may develop years 
after acute infection. 

Tabes Dorsalis (Tertiary Syphilis) 

Degeneration of ihc dorsal mots and columns (mainly lumbosacral) that 
develops I 5-20 years after the onset of infection. Primarily affects the fasciculi 
gracilis bilaterally. 


Diabetic polyradiaitopathy mimics 
tabes dorsalis. 


Presentation 

Ataxia, bilaterally impaired proprioception, paresthesias {lightning-like pains), 
Argyll Robertson pupils (accommodate, but do nut react), and absence of 
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deep tendon reflexes. Purely sensor)' deficit; muscular power is retained. 
Associated with Charcot’s joints (insensitivity to pain in the joint, leading to 
increased susceptibility to future injury to the joint). 

Diagnosis 

Clinical and CSF analysis (VDRI.). 

TREATMENT 

Penicillin; treat symptoms after infection (nonautisyphilitie medications). 

Prognosis 

May have residual symptoms. 

Subacute Combined Degeneration (Vitamin B„ Deficiency) 

Demyelination of (he dorsal columns and lateral CST occurs (when symp¬ 
toms present in the lower limbs). Generally results from a failure to absorb 
vitamin Bp across the intestinal mucosa, which leads to a functional vitamin 
Bp deficiency leading to a build-up of methylmalonyl-CoA and its precursor, 
propionyl-CoA. Propiouvl-CoA displaces succinyl-CoA in fatty acid synthesis, 
resulting in anomalous insertion of odd-chain fatty acids into lipids, such as 
myelin. 

Presentation 

Dementia, ataxic gait, byperreflexia (demyelinnlcd CST' leads to UMN loss), 
and bilateral loss of DCT and CST (symmetric spastic paresis); impaired posi¬ 
tion and vibration sense. 

Diagnosis 

Serum cobalamin, MRI, positive Schilling test. 

Treatment 

Vitamin Bp supplements (oral, intramuscular). 

Prognosis 

Best prognosis is in those with gait disturbance less than s months prior to 
commencement of treatment. 

Syringomyelia 

Enlargement of the central canal of the spinal cord leads to damage of the 
STT fibers (anterior commissure). May also erode the anterior horn, resulting 
in motor defects. Often presents in patients with Arnold-Cbiari malformation 
(herniation of I lie cerebellar vermis through the foramen magnum, causing 
hydrocephalus, meningomyelocele, and plalyhasia). 

Presentation 

Bilateral loss of pain and temperature sensation in the upper extremities (most 
often at C8-TT [“cape and shawl” distribution]) with preservation of touch 
sensation. LMN signs of flaccid paralysis if the anterior horn cells arc affected, 
causing combined sensory and motor defects. Atrophy of hand intcrossei. 

Diagnosis 

Distinguish from ALS (thenar atrophy), because patients present with motor 
and sensory deficits; MR! is diagnostic. 



KEY FACT 


Vitamin B E2 deficiency also may 
result in pernicious anemia 
(macrocytic RBC), 



FLASH BACK 


Methylated B 17 (cobalamin) is an 
essential cofactor for the conversion 
of homocysteine to methionine, 
so deficiency results in impairment 
of DNA synthesis, resuiting in 
pernicious anemia. 



KEY FACT 

L____ __ 


The patient with syringomyelia 
classically presents after repeatedly 
burning their hand on the stove 
due to loss of pain and temperature 
sensation. 



KEY FACT 


The sciatic nerve (L4-S3) emerges 
at the midpoint between the greater 
trochanter and the ischial tuberosity 
important landmarks for gluteal 
injections, then branches into the 
tibial and common peroneal nerves 
at the short head of the biceps 
femons. 
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MNEMONIC 


Radial nerve innervates the BEST: 

Bfachioradiaiis 

Extensors 

Supinator 

Triceps 


Treatment 

With Amold-Chiari malformation, place shunt to decrease hydrocephalus 
before correction of syrinx (posterior fossa decompression). 

Prognosis 

Poor. 



KEY FACT 


Patients with DM may develop 
penpherai neuropathy secondary to 
osmotic damage to Schwann cells. 
This is the most common cause 
of peripheral sensory and motor 
axonopathy; for this reason, it is 
extremely important to check the 
feet of diabetic patients! 


Thoracic Outlet Syndrome (Klumpke's Palsy} 

An embryologic defect (cervical rib) can compress the subclavian artery- and 
the inferior trunk of the brachial plexus (C8, Tl). Also observed in weightlifl- 
ers (hypertrophy of the anterior scalene muscle compresses the neurovascular 
bundle that runs between the anterior and middle scalene muscles), or hyper¬ 
abduction of die arm (as in falling, breech birth). 

Presentation 

Thenar and hvpothenar eminence (median nerve) atrophy, atrophy of the 
interosseous muscles, and sensory deficits on the medial side of the forearm 
and hand. Disappearance of (he radial pulse when the head rs rotated toward 
the opposite side due to compression of the subclavian artery. 


KEY FACT 


Toxin-associated peripheral 
neuropathy results from alcohol 
abuse, exposure to heavy metals, 
and diphtheria. 


Diagnosis 

History, physical exam, and chest X-ray demonstrating cervical rib* 

Treatment 

Anterior sealeneclomy (careful to avoid the phrenic nerve fhat runs on the 
anterior scalene deep to the preverlebral fascia); physical therapy. 



KEY FACT 


Idiopathic Bell’s palsy and Guillain- 
Barr£ syndrome are other examples 
of diseases affecting the PNS. 


KEY FACT 


Midbrain lesions 

* Medial: tpsilateral CN III palsy, 
contralateral hemiplegia. 

■ Lateral: Ipsitateral CN III palsy 
contralateral cerebellar dystaxia 
with intention tremor, and loss 
of tactile sensation in the trunk 
and extremities. 

■ Tectal (dorsal): Failure of upward 
gaze (Parinaud's syndrome). 

Ventral pons lesion: locked-in 
syndrome/ in which only vertical 
eye movement and eyelid elevation 
are intact Results from a lesion of 
the C5T and corlicobulbar trad. 


Prognosis 

Symptoms may return following treatment secondary to scarring and fibrosis 
around the nerve roots* 


PERIPHERAL NEUROPATHY 


Two types occur: 

Dcmycliiiation often presents segmentally with sensor) changes (discrete 
sensory loss following the distribution of one or more nerves). 

Axonal degeneration of motor nerves presents as muscle fasciculation lead¬ 
ing to muscle atrophy. Axonal degeneration of sensory nerves occurs first 
(small fibers [pain and temperature] arc more prone to damage), and pres¬ 
ents with a u stocking-and-glove" distribution (longer fibers are more prone 
to damage). 

Charcot-Marie-Tooth Oisease 

The most common hereditary neuropathy (autosomal dominant); affects the 
peroneal nerve primarily; onset is primarily in the first or second decade. 

Presentation 

Peroneal nerve neuropathy leading to atrophy of the lower leg muscles. This 
results in an “inverted bottle" appearance of the legs* 

Diagnosis 

History and physical exam. 















Treatment 

No llicr;ipv to prevent onset or delay progression; patients may benefit from 
physical therapy and surgery for contractures. 

Prognosis 

No cure; progressive peripheral neuropathy. 


CRANIAL NERVE PALSY 


Crania) nerves arise from their nuclei in the brain stem and course toward 
their targets, primarily in the face. Muscles of facial expression, mastication, 
autonomic functions, ami special sensory fibers are supplied by these nerves. 
Defects result either when the nucleus or the fiber is damaged, and may be 
bilateral or unilateral, depending on the degree of damage to the cortical col¬ 
lateral pathways; unilateral defects commonly present with lesions closer to 
the periphery (see Table 6-^7). 



KEY FACT 


Medial inferior pontine syndrome: 
Ipsilateral lateral redus paralysis (CN 
V! lesion) with contralateral spastic 
he mi paresis and loss ol pain and 
temperature sensation. 



KEY FACT 


Bilateral Bell's palsy \s almost always 
the result of Lyme disease. 




KEY FACT 


Defects in Eye Movement 
CN III Lesion 

PRESENTATION 

Lesion causes the eve to point “down and out" (only the lateral rectus and 
superior oblique are functional), in addition to severe ptosis (as opposed to 
Homer's syndrome, which is mild ptosis). 


Fibers to the upper facial muscles 
receive bilateral corticobulbar 
innervation, which explains why 
UMN lesions of CN VII present only 
with lower facial paralysis. Fibers 
to the lower face muscles are only 
innervated by the contralateral 
cortex 


Etiology 

Posterior cerebral artery aneurysm compresses lhe nerve, which causes a 
fixed, dilated pupil because pupillary fibers run along the periphery of the 
nerve bundle. 

Webers syndrome: Midbrain tegmentum lesion causing ipsilateral CN 111 
palsy and contralateral body hemiplegia. 

Diabetic CN III palsy spares the pupil because it is an ischemic rather 
than a compressive lesion. Pupillary fibers run on the surface of the 
nerve, so they arc the first to be involved in compression and the last to he 
involved in ischemia, 


KEY FACT 


Trigeminal neuralgia (tic 

douloureux) presents as severe 
stabbing pain in the sensory 
distribution of CN V. If present in 
a young person, it almost always 
indicates MS. 


Diagnosis 

Physical exam. 

Treatment 

Watchful waiting or treatment of the underlying condition (e.g., surgical clip¬ 
ping of an aneurysm). 

Prognosis 

Most resolve within 6-8 weeks. 

CN IV Lesion 

Eye rotated superior and lateral because of unopposed action of the inferior 
oblique. 

Etiology 

Compression within (lie cavernous sinus (as with an internal carol it! 
aneurysm). 



KEY FACT 


CN IV (trochlear nerve) is the only 
cranial nerve to cross the midline; 
therefore, a lesion at the nucleus 
will result in the contralateral eye 
deviating superiorly and laterally. 


KEY FACT 


Cavernous sinus syndrome 

results from internal carotid 
aneurysm (mass effect) that 
presents as ophthalmoplegia and 
ophthalmic and maxillary sensory 
loss (CN VI and V2). 
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TABiE 6-37* Cranial Nerve Palsy 

Type/Lqcation Presentation Etiology/Notes 

CN in, CNIV (See below)* (See below). 

Anhidrosis (absence of sweating). 

Miosis (pupil constriction)* 

CN VII (Bell's Drooping corner of mouth with drooling; loss of Complete destruction of facial nucleus or its branchial 

palsy) buccinator musde function* efferent fibers (facial nerve, CN VII). 

Difficulty speaking, inability to dose eye. Idiopathic (gradual recovery), 

loss of taste in anterior two-thirds of tongue (chorda Seen in AIDS, Lyme disease, sarcoidosis, tumors, and 
tympani), diabetes. 

Loss of lacrimation and salivation. 

Peripheral lesions can be distinguished from central 
(nuclear) lesions by unilateral loss of all muscles of 
facial expression, compared to central presentation of 
bilateral innervation to frontalis. 


CN Xlt lesion 

(LMN) 

Tongue deviates toward side of lesion ("lick your 
wounds*). 

Anterior spinal artery infarct. 

CN V motor 

jaw deviates toward side of lesion. 

if lesion at trigeminal nucleus, then ipsilateral loss. 

lesion 


If lesion higher up in thalamus and cortex, then 
contralateral signs. 

CN X lesion 

Uvula deviates away from side of lesion* 

Brain stem infarct* 

CN XI lesion 

Weakness turning head to side contralateral to lesion; 
shoulder droop on side of lesion. 

Sternocleidomastoid (SCM) contraction normally moves 
head to contralateral side. 


Loss of SCM and trapezius innervation accounts for 
presentation. 


Parinaud's Bilateral paralysis of upward gaze, 

syndrome 


umiimu 


Midbrain dorsal tectum lesion (pineal gland tumor) 
that compresses superior colliculus, pretectal area, and 
cerebral aqueduct (obstructive hydrocephalus); also 
interrupts melatonin production, leading to disruption 
of circadian rhythm, insomnia; may calcify with age, 
precocious puberty* 
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Diagnosis 

Physical exam, imaging to detect underlying etiology. 

Treatment 

Surgical intervention. 
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Prognosis 

Most resolve completely within 6 months. 

CN VI Lesion 

Affected eye f;iils to abduct; unaffected eye develops nystagmus when the 
patient tries to abduct the affected eye. 

Etiology 

Lesion within (lie cavernous sinus or pontomccluliary junction; increased ICP, 
causing a downward shift in the posterior fossa. 

Diagnosis 

Physical exam and imaging. 

Treatment 

Watchful waiting. 



KEY FACT 


Signs suggestive of brain stem 
lesions: vertigo (CN VIII), diplopia 
(CN III IV VI), ataxia (cerebellar), 
perioral numbness (CN V), loss of 
consciousness (RA5), 



KEY FACT 


Argyll Robertson pupil, seen in 
tertiary syphilis, SLE, and DM: 
accommodation to near objects is 
intact but the pupil does not react 
to light 


Prognosis 

Most resolve within 6 months. 

Facial Lesions 




MNEMONIC 


UJV1N Lesion Argyll Robertson pupil is seen in the 3 

, Ss: Syphillis, SLE, and Sugar (DM), 

Lesion of the motor cortex or the connection between the cortex and the 

facial nucleus —» contralateral paralysis of the lower Face only. 


LMN Lesion 

lpsilalcml paralysis of the upper and lower face* 

Bell's Palsy (See Table 6-37) 

Visual Field Defects 

Lesions occurring anywhere from ihe retina to the visual cortex result in 
defects in the visual field (see Figure 6-4S). Ihe specific intervention depends 
on the underlying etiology and whether the lesion is a sewered tract nr a paren¬ 
chymal injury. 

Uveitis 

Presentation 

Blurry vision (resulting from inflammation of the iris, ciliary body; and chor¬ 
oids) may lead to retinal detachment and acute glaucoma. 

Associated with: 

Attfoinflammatojy disease: Ankylosing spondylitis, Reiters syndrome, sar¬ 
coidosis, ulcerative colitis. 

Infection: Toxoplasmosis, CMV, toxocariasis (ocular larval migrans), histo¬ 
plasmosis, I B, syphilis. 

(nternuclear Ophthalmoplegia (Medial Longitudinal Fasciculus Syndrome) 

Lesion of the MLF results in medial rectus palsy on attempted lateral gaze. 
This lesion is distinguished from CN 11! palsy by preserved convergence, in 
contrast to the "down and out" appearance of CN I]I palsv. Most common 
cause is MS* 


KEY FACT 


Marcus Cunn pupil results from 
a deficit in the afferent light reflex 
pathway (CN 11 palsy, retinal 
detachment). The affected pupil 
appears to expand when consensual 
light is removed from the unaffected 
eye -> pupil is actually returning to 
baseline from a constricted state. 
Diagnose by swinging a light from 
pupil to pupil; usually seen in the 
context of MS. 



KEY FACT 


Xenophthalmia (dry eyes) may 
be caused by vitamin A deficiency 
(desquamation of conjunctival 
cells) or Sjogren's syndrome 
(keratoconjunctivitis sicca). 












Lett 

INO 


Nystagmus Impaired adduction 



Impaired adduction Nystagmus 


FIGURE 6-6 7, A clinical exam for MLF syndrome. When looking left, tin k II nucleus of 
GN VI fires, which contracts llic left laileml rectus mid simulates the contniLik*r;il nucleus of 
CN 111 via die rigid MIL to contract the rigid medial rectus. 



KEY FACT 

L_ 


Macular degeneration occurs 
secondary to disruption of the retina! 
membrane, leading to slow-onset 
loss of central vision with preserved 
peripheral vision. Most common 
cause of premature vision loss in the 
elderly. 


Presentation 

When the affected eye is adducting, nystagmus is seen in the abducting oppo¬ 
site eye (see Figure 6-67). Normal convergence ("finger to nose" eye lest), 
but loss of conjugate gaze (see Figure 6-68). In patients with MS. results from 
demydiiiation of the MLR 

Diagnosis 

Clinical: if bilateral, high suspicion that MS is the etiology. Need to exclude 
myasthenia gravis in patients with isolated medial rectus palsy. 



KEY FACT 


Cataracts (opacity of lens) are seen 
in the elderly and in those with DM, 
rubella, and corticosteroid use. 



KEY FACT 

l_ 


Lens dislocation is seen in 
homocystinuria (inferior), Marfan's 
syndrome (superior), and Alport's 
syndrome (glomerulonephritis with 
blindness and deafness). 



KEY FACT 


Optic neuritis (inflammation of 
CN II) results in loss of vision and 
Marcus Gunn pupil. Causes include 
MS and methyl alcohol poisoning, 



FIGURE 6-66. Schematic illustrating pathway for conjugate horizontal gaze. Modified, 
with permission, from Ai runoff MJ. Greeberg DA. Simon RP, Clinical Neurolog}*, 6lh c<l t New 
York; McGraw-Hill, ZOOS: HO.) 
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Treatment 

Underlying condition needs to be managed for resolution of MLF syndrome. 


CENTRAL NERVOUS SYSTEM INFECTIONS 


Infections that arise in the CNS can be divided into those that affect immune- 
competent individuals and those that affect iinmune-compromised patients, 
with some specific exceptions. AIDS-defining lesions (fungal. |C viral infec¬ 
tion, and Mycobacterium tuberculosis) typically occur in imnume-eompro- 
niised patients. Table 6-38 details the types of patients affected and the typical 
disease course. 

Meningitis 


KEY FACT 


Amaurosis fugax is a sudden 
unilateral loss of vision due to 
embolization of retinal atheromatous 
plaque material to the ophthalmic 
artery. Associated with carotid bruit 
and atherosclerosis. Classic visual 
sign of TIA ("ischemia ol the eye") 
that presents like a shade being 


Inflammation of the pia mater covering the brain may be bacterial, viral, or pulled over the eye, 
fimpnl I Isnfllly orritrs wwindarv tn hematogenous spread. 

TABLE 6-38. 

ii immm n immi umi n 

CNS Infections According to Type of Microbe 

Muinniix^wKiqiiu hi xi—lUMirirwwwxw**u M i mmfn> wijui 1i 

Type 

Presentation 

Causative Microbe 

Viral 

Acute 

Echovirus is most common cause of aseptic meningitis. 


Slow onset 

Herpes encephalitis* 

QD (prions); PML (JC virus), SSP rubeola (measles). 

Bacterial 

1-m-old 

Croup B streptococci, Escherichia cod Listeria monocytogenes. 


1 m to 18 y 

Neisseria meningitidis (Haemophilus influenzae is now rare 
because of vaccine). 


> 18y 

Streptococcus pneumoniae. 


Immunocompromised 

Mycobacterium tuberculosis (complication of primary IB). 


Liver/renal disease, aseptic meningitis (Weil's syndrome) 

Leptospirosis* 

Fungal 

Immunocompromised (subacute meningitis) 

Cryptococcus neoformans. 


DKA, leukemia 

Mucormycosis, 

Parasitic 

Rapidly fatal 

Naeglerio fowled 


Neuracysticercosis 

Taenia solium. 


AIDS 

Toxoplasma gondii. 


Malaria with CNS infection 

Plasmodium falciparum. 

Brain 

abscess 

Bacterial 

Streptococci, Staphylococcus aureus , Enterobacteriaceae, 
Bacillus fragilis, peptostreptococci* 


Helminthic 

Taenia so//um, schistosomiasis, hydatid cyst (Echinococcus 


granulosus). 


WJimiKwilitliirr 


BUn nmim aiut 


LHIJIFHIIIIU 


tint mix 


(in in mi nmtui 
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KEY FACT 
L_ 


Glaucoma develops as a result of 
increased intraocular pressure that 
leads to optic atrophy. Increased 
intraocular pressure may be a 
consequence of decreased flow of 
aqueous humor through the canal 
of Schlemm or narrowing of the 
anterior chamber angle. 


Presentation 

Nuchal rigidity, fever, meningismus (pain on flexion or extension of the neck), 
Kcmigs sign (supine with hip and knee flexion to 90*; inability to extend 
the knee), Bn id/tusk is sign (supine flexion of the neck causes hip and knee 
flexion). 

Diagnosis 

1 listory and physical exam; lumbar puncture reveals signature CSF, 

Treatment 

Antibiotics and corticosteroids to avoid scarring. 



Nystagmus and acute altered mental 
status are pathognomonic for PCP 
intoxication, ft is also seen in alcohol 
intoxication. 


Prognosis 

With an intact immune system and rapid diagnosis, good prognosis. May 
develop cerebral edema, SI ADI I, hydrocephalus, or subdural empyema (bac¬ 
terial meningitis). 


HERNIATION SYNDROMES 


Portions of ihe brain under increased pressure are displaced through openings 
of dura partitions or into openings of the skull (e,g,, foramen magnum) (sec 
f igure 6-69)* Therefore, treatment is aimed at removing the insult that gener¬ 
ated the increased pressure (shunt for hydrocephalus, control of intracranial 
hemorrhage). Treatment with dexamethasone will mitigate cerebral edema 
and thereby reduce ICR If the herniation affects the midline of the cortex, 
the patient will present with incontinence, 



figure 6* 69* Way in which mass effect may result in any of the four types of hernia* 
lion syndromes. I spcs Include (1 j hamLentoriat, (2) uneah t>) cerebellar lumiGr, and (4) 
cingulate, (Modified, with permission, from Rapper AI l, Brown Rl I. Adams and Vidor's Neu¬ 
rology, 8th ed, New York: McCraw-1 lill, 2005: 310.) 
























Transtentorial 

Coma and death result when these herniations compress the brain stem, 

Uncal 

Definition and Epidemiology 

The media) temporal lobe compresses the crus cerebri by herniating through 
the tentorium cerebri* Results from a subdural or epidural hematoma that 
forces the medial aspect of the temporal lobe under the tentorium cerebri. 

Presentation 

Stretching CN III leads to ipsilateral dilated pupil, ptosis (first loss of papil¬ 
lary light reflex, then loss of motor function). 

Compression of the ipsilateral posterior cerebral artery leads !o contralat¬ 
eral homonymous hemumopia secondary to hemorrhagic infarct of the 
occipital lobe. 

Compression of the ipsilateral crus cerebri (lateral CST) leads to contralat¬ 
eral paresis. 

Compression of the contralateral crus cerebri (lateral CST, Ke mo ha ns 
notch) leads to ipsilateral paresis* 

Caudal displacement of the brain stern (compression of the mklbrain) 
leads to Durct hemorrhages, paramedian artery rupture, and midbrain 
hemorrhage. 

Cerebellar Tonsillar 

[ Icrniation of the cerebellar tonsil into the foramen magnum results in cardio¬ 
respiratory arrest by compression of the medulla. 

Cingulate 

Under the falx cerebri, cingulate herniation may compress the anterior cere¬ 
bral artery, leading to symptoms detailed earlier in the cerebrovascular sec¬ 
tion. The falx cerebri normally separates the hvo cerebral hemispheres along 
the midline of the skull 



CNS pharmacology is a vast and complicated field. From the use of ether 
and chloroform in surgery in the lS40s to the purification of barbiturates at 
the turn of the 20th century, nervous system medications have defined many 
aspects of modem medicine. Although these drugs have been heavily studied, 
much remains unknown. Yet, understanding their properties lias become a 
useful tool in the understanding of CNS physiology as well as the pathophysi¬ 
ology of common diseases. 


CENTRAL NERVOUS SYSTEM NEUROTRANSMITTERS 


An increase or decrease of certain iicurntnmsniitiers and/or their receptors 
has been implicated in many neurologic disorders. Certain therapies there¬ 
fore target neuretransmitters or their receptors. There are multiple subtypes 
of dopamine, serotonin, and noradrenegie receptors throughout the CNS and 
the human body. Because no two medications in a class of drugs (e*g., an tide- 
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KEY FACT 


The nucleus basalis of Meynert is 

an important site for the production 
of Ach in the brain. 


pressants, atypical antipsychotics) have the saute action on the same combina¬ 
tion of receptors, there are differences in the clinical effect and side effects in 
patients. A very basic example of a synaptic ncurotransmission site is shown in 
Figure 6-70. 

Acetylcholine 

A neurotransmitter of both the PNS and CNS, this molecule has two classes 
of receptors: nicotinic and muscarinic. It is formed in the nerve terminal by 
choline acetyltransferase (sec Figure 6-71), Ach is implicated in Alzheimers 
dementia (decreased levels). Like histamine receptors, muscarinic Ach recep¬ 
tors can be blocked by antipsychotics and tricyclic antidepressants, resulting 
in dry mouth, blurred vision, and urinary hesitancy. 



KEY FACT 


The substantia nigra pars 
compact and the ventral 
tegmental area are important 
sites for the synthesis and use of 
dopamine in the brain. 


Dopamine 

A neurotransmitter synthesized from tyrosine that serves as a precursor to nor¬ 
epinephrine (NE); (see Figure 6-72), dopamine is implicated in psychosis 
(increased levels), mania (increased levels), schizophrenia (increased levels), 
and Parkinson s disease (decreased levels). 

Y-Aminobutyric Acid (GABA) 

The major inhibitory neurotransmitter in the CNS, GABA is associated with 
anxiety (decreased levels) and epilepsy (decreased levels). Anxiolytics (benzo¬ 
diazepine and barbiturates) target the GABA^ receptor (see anxiolytics and 
hypnotics for further explanation of benzodiazepines and barbiturates). 



FIGURE 6 - 70 . Synapticneuretransmission site. (1) Cell body. (1) Microtubules. (3) Site 
of precursor or neu retransmitter uptake for prcsynaptic storage vesicles. (4) Presynaptic storage 
vesicles. (5) Postsynaptic neurotransmittcr receptors. (6) Reuptakc of the released neurotrans- 
mitter back into the presynaptic vesicle. (7) Presynaptic nemo transmitter receptors. (Modified, 
with permission, from Ebert MH, Loosen PT, Nurcombe IT Current Diagnosis & Treatment in 
Psychiatry. New York; McGraw-Hill, 2000; 3(} H ) 
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figure 6*71, Synthesis and degradation of acetylcholine, AcdybCoA mid choline 
combine with help flout I be enzyme choline acdyltr.insferasc to form acetylcholine. Acetyl¬ 
cholinesterase is responsible for breaking down the non retransmitter into acetate and choline. 


Glutamate 

The major excitatory ncurotransrnittcr tit the CNS f glutamate is implicated in 
epilepsy (increased levels), schizophrenia (increased levels), and Alzheimer's 
disease (increased levels). 

Glycine 

Glycine is an inhibitory neurotransmitter that controls/modu latcs glutamate 
activity in the brain. 



Norepinephrine 


figure 6-72. Synthesis of dopamine and norepinephrine. Dope, dopamine* mid norepinephrine arc .ill derivatives of the amino 
acid tyrosine. (Modified, with permission, from Kbert Mil. Loosen \ y \ \ Nnrcoinbc B, Cnnenf i agnosia 'treatment in Vxychititn., New 
York: McGraw-Hill, 2000: H.) 













KEY FACT 


Hislaminergic neurons are 

located in the ventral posterior 
hypothalamus. 


Histamine 

A ubiquitous chemical that, in the CNS, is responsible for sleep modulation 
and saliety. AnHpsychotics and tricyclic antidepressants can cause histamine 
1111 preceptor blockade, leading to side effects such as sedation and increased 
appetite, leading to weight gain, 



KEY FACT 


The locus ceruleus, found in 

the upper pons, is the site of the 
majority of the NE in the brain. 


Norepinephrine 

A catecholamine precursor to epinephrine found at sympathetic postgangli¬ 
onic terminals (see Figure 6-72), It is implicated in major depressive disorder 
(decreased) and anxiety (increased). 

Serotonin (5-Hydroxytryptamine) 

A monoamine ncurotransmitter that regulates uioud, body temperature, sexu¬ 
ality, and sleep, tl is converted from tryptophan in a series of reactions (sec 
f igure 6-73) and is degraded by the enzyme monoamine oxidase. It is itnpli- 



L-lrypiophan 


Trypiophan 

hydroxylase 



5-hydroxytryptophan 


Arornntic-L-amino acid 
decardoxylase 



5' hy d roxyt ry pi a m i n e 
(Serotonin) 


MAO 



5-hydroxy indole acetaldehyde 


Aidehyde 

dehyolrogodasa 



5-hydroxy indole acetic acid 

FIGURE 6-75, Synthesis of serotonin. Serotonin is a derivative of the amino acid Iryplu* 
plum mu\ is converted by mououminc oxidase to yield 5-1 lyd rowi ii d ole acetaldehyde* (Mmti- 
ficcT* with permission, from Ebert Mil, Loosen PT, Ntircombc B, Current Diaguom O Ihitt 
ment in Psychiatry, New York: McCrniv-l fill. 2000: T4.) 















cated in major depressive disorder (decreased), bipolar disorder (decreased), 
anxiety disorder (decreased), and schizophrenia (increased). 


KEY FACT 



Autonomic drugs arc chemical agents that act within the autonomic nervous 
system at sympathetic and parasympathetic nerve terminals (see Figure 6-74). 
These drugs interact with preexisting neurotransmitters in order to achieve 
desired effects at the junction of the CNS and the PNS. 

Neuromuscular Junction Blocking Agents 

NMJ blocking agents are drugs used for skeletal muscle relaxation. These 
agents work at the NMJ, as opposed to inhaled anesthetics or regional nerve 
blocks, which act at different sites (see Figure 6-53). Because they work only 
at the NMJ, these agents do not cause analgesia or unconsciousness, only 
paralysis. They arc similar in structure to Ach, allowing them to bind lo Ach 
receptors on the muscle membrane. The two classes of NMJ blocking agents 
work differently at the Ach receptor; depolarizing agents behave as Ach recep¬ 
tor agonists, and nondepolarizing agents behave as Ach receptor competitive 
antagonists. 

Depolarizing Agents 
Drug Name 

Snccinylcholine (short-acting). 

Mechanism 

In general, depolarizing agents, such as snccinylcholine, work as Ach recep¬ 
tor agonists. They achieve their desired effect in two distinct phases. In phase 
I, the drug binds aggressively to the Ach receptor and triggers depolarization 


I 

The raphe nucleus in the 

brain stem releases serotonin lo 
projections throughout the brain. 


Medulla 




AC I 
M 
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Cardiac and smooth muscle, 
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Cardiac and smooth muscle, 
gland cells, nerve terminals 


Spinal 

cord 


Sympathetic 
Renal vascular 
smooth muscle 


Somatic 

Skeletal muscle 


Voluntary motor nerve 


FIGURE 6-74. The autonomic nervous system, (Modified, with permission, from Kai- 
/mig BG. Busie C- Clinical Pharmacology t 1 Oth cd, New York; McGraw-Hill. 2007; 76, J 
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of the motor endplate. However, it is resistant to AchK and remains bound to 
the Ach receptor. Sodium channels found at the motor endplate that initially 
closed after depolarization remain closed since the drug remains bound to the 
receptor and prevents repolarization nf the motor endplate. Phase II occurs 
after the drug remains bound to the Ach receptor over time and induces a 
conformational change at the NMJ. Succinylcholine works within 30 seconds 
and lasts for It) minutes. Pscuclocholinesterase metabolizes succinylcholine 
before the drug reaches ihc site of action. Little of the drug is required to 
achieve the desired effects; the drug eventually diffuses away from the NMJ 
over 10 minutes. 

Uses 

Succinylcholine is the only clinical depolarizing agent used in the United 
Slates. Il is used to cause muscle paralysis (c.g., surgery', intubation). 

Side Effects 

Cardiovascular. 

Low dose: Negative chronotropic and inotropic effects. 

High dose: Positive chronotropic and inotropic effects; raises cate¬ 
cholamine levels. 

Fascic ulations. 

Myalgia (visible motor unit contractions). 

Hyperkalemia (can raise scrum potassium levels by 0.5 raEq/L, which is a 
concern in burn/trauma injury, spinal cord injury', cardiac disease, or met¬ 
abolic abnormalities). 

Malignant hyperthermia. 

Nondepolarizing Agents 
Drug Names 

Mivacurium (short-acting), vecuronium (intermediate-acting), rocuronium 
(intermediate-acting), atracurium (intermediate-acting), pancuronium (long- 
ad ing), do\a curium (long-acting). 

Mechanisms 

Nondepolarizing agents work through Ach receptor competitive antagonists. 
The drug binds to the Ach receptor, but docs not cause the motor endplate 
to depolarize. By binding to the receptor, it prevents Ach from binding and 
prevents depolarization of the motor endplate, causing paralysis. Most non¬ 
depolarizing agents depend on hepatic or renal elimination to terminate their 
effect. Mivacurium is metabolized by pscudocholinesterase. Reversal of non¬ 
depolarizing block depends on metabolism of the drug or administration of a 
reversal agent. 

Uses 

Nondepolarizing agents are similar to depolarizing agents in causing muscle 
paralysis and arc used in lieu of depolarizing agents as a muscle relaxant. 
Such uses include intubation, prevention of fasciculations (especially impor¬ 
tant in patients who may be sensitive to variations in serum potassium levels), 
decreasing the amount of inlialational agents, and maintenance of paralysis. 

Side Effects 

Respiratory failure due to diaphragmatic paralysis 
tachycardia (pancuronium) 

Histamine release (mivacurium) 
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Cholinesterase Inhibitors 
Drug Names 

Neostigmine, pyridostigmine, edrophonium, physostigminc. 

Mechanisms 

These drugs a cl by causing electrostatic or covalent bonding to AehE mol¬ 
ecules, causing inactivation. They arc used to reverse a nondepolarizing neu¬ 
romuscular drug. They prevent degradation of Ach at the NMJ and therefore 
increase the available Ach at the junction to compete for Ach receptors, caus¬ 
ing the nondepolarizing agent to "wash out.” Reversal agents arc contraindi¬ 
cated in depolarizing agents because they inhibit cholinesterase and pseudo- 
cholinesterase and thus prolong the phase 1 block. 

Uses 

They are used to reverse nondepolarizing neuromuscular drugs (c.g., pan¬ 
curonium) during surgery. 

Side Effects 

Bradycardia 
Bronchospasm 
Excitation (physostigmine) 

Intestinal spasm 
Increased bladder tone 
Pap i liar)' constriction 


Anticholinergic Drugs 
Drug Names 

Atropine, scopolamine, benztropinc, gly copyrrol ale. 

Mechanisms 

These drugs competitively block Ach receptors from Ach and therefore pre¬ 
vent the neurotrausmitlcr from acting (similar to the way nondepolarizing 
neuromuscular agents work at die NMJ) by binding to the Ach receptor and 
competitively blocking the site lo prevent activation from Ach, 


Uses 

These drugs are primarily used in anesthesiology. However, these drugs have 
many uses outside of anesthesiology, as they affect many organ systems, 

Glycopyrrnlate is a charged molecule and will not cross the BBB to cause 
CNS effects. 

Scopolamine is generally administered for its CNS effects. 

Atropine is generally administered for it cardiovascular effects; 

Reversing vagal-slinmlated bradycardia. 

Decreasing respiratory tract secretions. 

Bronchial smooth muscle relaxation. 

Reversal of antipsychotic extrapyramidal side effects. 

Side Effects 
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CNS stimulation 
Cutaneous blood vessel dilation 
Urinary retention 
Cycloplegia 
Decreased secretions 


Adverse side effects of anticholinergic 
drugs: “blind as a bat, dry as a bone, 
red as a beet, mad as a hatter, and 
hot as a hare.” 
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ANXIOLYTICS AND HYPNOTICS 


Both benzodiazepines and btirbi hi rates target GABA, X receptors. Typically, 
activation of the GABA a receptor causes a chloride ton channel to open, 
allowing chloride to enter and hyperpolarizc the cell. With both types of 
medications, there arc concerns about tolerance {decreased responsiveness 
after repeated doses) and withdrawal (physical dependence with absence of 
medication). 

Barbiturates 
Drug Names 

Phcnobarbilal, pentobarbital, thiopental, secobarbital. 

Mechanisms 

Barbiturates increase the duration of chluride channel opening on GABA^ 
receptors, resulting in enhanced GABAergic transmission. Barbiturates can 
block excitatory glutamate receptors in addition to targeting GABA recep¬ 
tors. They also induce CYP-450 microsomal enzymes in the liver so that other 
drugs that are metabolized by this system arc eliminated more quickly. 

Phcnobarbilal is 75% inactivated in the liver and 25% excreted in the urine 
unchanged. 

Uses 

Barbiturates have many clinical uses. Certain short-acting agents (e.g., thio¬ 
pental, methohexilal) are used during anesthesia. Other agents, like pheno- 
barbital, are used as an anticonvulsant in the long-term management of ton¬ 
ic-clonic seizures, status epilcplicus, and eclampsia. Anxiolytic properties of 
barbiturates make them applicable for use as mild sedatives that relieve anxi¬ 
ety. Furthermore, clinicians can use barbiturates in the treatment of insomnia 
(barbiturates suppress REM sleep more than other stages of sleep). 

Side Effects 

I ligb risk of dependence. 

Synergistic effects with alcohol. 

Respiratory, cardiovascular, CNS depression enough to cause coma and 
death, 

Induction of cytochrome P-450. 

Contraindicated in patients with acute intermittent porphyria. 

Treatment of overdose consists of managing symptoms (ABCs) and hemo¬ 
dialysis in severe cases. Alkalinizatiou of urine can aid in the elimination of 
phenobarhital. 

Withdrawal 

Barbiturate withdrawal can mimic alcohol withdrawal. The withdrawal syn¬ 
drome includes; 

Anxiety' 

Irritability 

Elevated heart and respiration rate 
Muscle pain 
it Nausea 
» Tremors 
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Hallucinations 

Confusion 

Seizures 

Death is possible if untreated 


Barbiturate withdrawal syndrome is dangerous and must be treated in the hos¬ 
pital conservatively. Phenobarbital can be used lo slowly detoxify I he patient. 




MNEMONIC 


BsrbiDURATe increases the 
DURATion of opening of the 

GABA a receptor. 


Benzodiazepines 
Drug Names 

Diazepam, lorazcpam, triazolam, temazepam, oxazepam, midazolam, chlordi- 
uzepoxide, alprazolam. 

Mechanisms 

Increased frequency of chloride channel opening associated with binding of 
the benzodiazepine on flic GABA a receptor. 'I be entry of chloride hyperpolar- 
izes the cell, making it more difficult to depolarize; therefore, it reduces neural 
excitability. The effects of this class of drugs arc terminated through both redis¬ 
tribution and excretion (metabolized by the hepatic microsomal system into 
active metabolites). Benzodiazepines can cross the placental barrier. 

Uses 

Benzodiazepines have a number of clinical uses. They can be used as anx¬ 
iolytics (via inhibition of neuronal circuits in the limbic system), as muscle 
rdaxauts to treat muscle spasms, as amnesic agents for endoscopic procedures 
(c.g., upper endoscopy, colonoscopy), and as anticonvulsant agents. 

Side Effects 

Synergistic effects with alcohol 

Respiratory depression and coma (much less than with barbiturates) 

Drowsiness and confusion 

Tolerance 

Dependence 




MNEMONIC 


For short-acting benzodiazepines, 
think: TOM Thumb. 
Triazolam 
Oxazepam 
Midazolam. 



KEY FACT 


Benzodiazepines cause a decrease 
in the latency to steep onset and 
increase stage 2 of non-REM sleep. 
Both REM sleep and slow-wave 
sleep are decreased, 


ft is possible to reverse the effects of a benzodiazepine with fluniazcnil, a 
competitive antagonist at the benzodiazepine receptor. 


Withdrawal 

1 .ong-term use of benzodiazepines can lead to tolerance and dependence. 
Withdrawal is similar to barbiturate withdrawal, but rarely as severe. Signs of 
benzodiazepine withdrawal include: 

Confusion 

Anxiety 

Agitation 

Restlessness 

Insomnia 

Tension 
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Benzodiazepines should be called 
FREnzodiazepines because they 
increase the FREquency of chloride 
ion entry through I he GABA a 
receptor. 


Opioids 
Drug Names 

Morphine, bydromorphone, oxymorphonc, methadone, meperidine, fenta- 
nyl, sufentanil, altcnlanil. remifenlanyi, codeine, hydrocodonc, oxycodone, 
buprenorphiiie. 
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Mechanisms 

Opioids arc analgesics that act on the CNS. Opioids are either endogenous 
(endorphins, mcf- and leu-enkcphalins, and dytiorphins) or exogenous 
(derived from opium or synthetically created). Endogenous endorphins arc 
forum kited from pro-opiomehmocortin (POMC), which is also responsible for 
the formation of adrenocorticotropic hormone (ACT! I), melanocyte-stimulat¬ 
ing hormone (MSH), and Hpotropin (LPH). Synthetic opioids are structurally 
similar to endogenous opioids, but have been altered to achieve distinct prop¬ 
erties. In general, opiates act as agonists on the p-opioid receptor, although 
various formulations have varying strengths (full agonist vs. partial or weak 
agonist). Opioids provide analgesia by binding p-opioid receptors in the CNS. 
By activating these receptors, the ascending pain pathways arc modulated. 

Uses 

Common uses of opioids include local analgesia (e.g., regional nerve blocks, 
epidural nerve blocks, spinal nerve blocks), systemic pain relief (e.g., patient- 
controlled analgesia), and chronic pain management (e.g., transderma! 
patches). They are also used in antilussives (e.g., liquid formulations). Opioids 
arc frequently substances of abuse for IV drug abusers (heroin). 

Side Effects 

Tolerance 
Dependency 
Overdose potential 

Buspirone 

Mechanism 

Buspirone works by partially antagonizing serotonin IA (I1T-IA) receptors in 
11 ic CNS, Because it does not affect GABAergic receptors or benzodiazepine 
receptors, it is does not interact with ethanol, nor does it have as profound 
sedating properties, dependency qualities, and associated euphoria as benzo¬ 
diazepines and barbiturates. 

Uses 

Buspirone is used for cases of mild anxiety. 

Side Effects 

May stimulate the locus ccrulcus (causing increased anxiety). 

May not work in patients with a history of benzodiazepine use or severe 
anxiety. 


ANTIDEPRESSANTS 


Antidepressants target imbalances in endogenous serotonin, NK, or dopa¬ 
mine, Heterocyclic agents (IlCAs), selective serotonin reuplakc inhibitors 
(SSRIs), monoamine oxidase inhibitors (MAOIs), and atypical antidepressants 
modulate the effects of endogenous neurolransmitlcTs, Intended treatment 
with antidepressants leads to down regulation of postsynaplic neurotransmitfer 
receptors. There are multiple receptors; no two antidepressants have the same 
receptor profile. 
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Selective Serotonin Reuptake Inhibitors 
Drug Names 

Citalopram, fluoxetine, paroxetine, sertraline, fluvoxamine. 

Mechanisms 

SSRIs arc lire current first-line treatment for depressive and anxiety disorders. 
They work by preventing rcuptakc of serotonin in the neurotransmitlcr syn¬ 
apse, allowing for increased availability of serotonin. It can take 3-6 weeks to 
sec a desired effect clinically. Mood is not elevated in non depressed patients, 
and mania mav be precipitated in patients with bipolar disorder, SSRIs can be 
used in pregnant patients and the elderly because they have ievv side effects. 

Uses 

SSRIs are used in illnesses other than depressive disorders. They can be used 
in the specific treatment of panic disorder, generalized anxiety disorder, and 
obsessive-compulsive disorder. Also, they can be used in the treatment of 
social anxiety disorder, posttraumatic stress disorder, eating disorders (e.g., 
fluoxetine in bulimia), and trichotillomania. In addition, SSRIs have been 
shown to decrease poststrokc depression amt morbidih/mortality in poststroke 
patients, even in the absence of depression. 

Side Effects 

Diarrhea. 

Sexual dysfunction (decreased libido, erectile dysfunction, anorgasmia). 
Weight gain, 
it Fatigue. 

Discontinuation syndrome (worse with short-acting medications). 

Birth defects (absolute risk is small with all SSRIs, but greatest risk is with 
paroxetine). 

Monoamine Oxidase Inhibitors 
Drug Names 

Phenelzine, tranylcypromine, isocarboxazid. 

Mechanism 

Monoamine Oxidase-A (MAO-A) is an enzyme that breaks down NE (see 
Figure 6-73). Inhibiting this breakdown irreversibly increases the amount ol 
available NE. MAO is also responsible for the breakdown of serotonin and 
tyraminc (see side effects for potentially fatal interactions with certain foods). 

Uses 

MAO Is are used to treat depressive disorders, including atypical depression 
(presenting with psychotic or phobic features), anxiety, and hypochondriasis. 
MAOls have been used less often since the introduction of SSRIs because of 
their dangerous interaction with foods containing tyraminc (see adverse effects 
below). 

Side Effects 

Use with tyraminc causes potentially fatal side effects and the following 
symptoms: 

11 ypertensive crisis 
Diaphoresis 
I leadache 
Vomiting 



KEY FACT 


Discontinuation syndrome consists 
of dizziness, vertigo, nausea, fatigue, 
headaches, insomnia* shock-like 
sensations, paresthesias, visual 
disturbances, muscle pain, chills, 
irritability, agitation, and suicidal 
thoughts. 



KEY FACT 


The most common congenital 
anomaly associated with SSRI use is 
ventral septal defect. 











KEY FACT 


I 

Tyfamine-rich foods include: 

* Cheese (pizza) 

■ Pepperani 

■ Beer 

• Wine 

m Smoked or pickled meat 

■ Liver 

■ Spoiled foods 


Use with SSRls causes serotonin syndrome, characterized clinically as: 
Confusion 
I lyperthcrmia 
Myoclonus 
Diaphoresis 
1 Jyperreflcxia 

Tricyclic Antidepressants 
Drug Names 

Amitriptyline, hnipramine, amoxapine, clomipramine, desipramine, doxcpin, 
nortriptyline, protriptyline. 

Mechanisms 

Tricyclic antidepressants (TCAs) increase I lie synaptic concentration of sero¬ 
tonin and/or NR in the CNS, They achieve this effect by inhibition of their 
reuplakc by the presynaptic neuronal membrane, resulting in the availability 
of more dmg to bind to postsynaptic neuronal receptors. 

Uses 

Tricyclic antidepressants can be used to treat chronic pain, major depression, 
and anxiety disorders. Historically, TCAs have been used in children for the 
treatment of enuresis. However, due to the incidence of sudden death, it is 
not a first-line treatment. 

Side Effects 

Constipation 
Cardiac arrhythmias 
Coma (overdose potential) 

Sudden dealli in children (imipramine and desipramine) 

Sedation 

Tremor 

Insomnia 

Orthostatic hypotension 

Psychosis 

Seizures 

Weight gain 


Nontricyclic Heterocyclic Antidepressants 
Drug Name 

bupropion. 

Mechanism 

Bupropion is a heterocyclic antidepressant that can he used for smoking ces¬ 
sation. Although the mechanism of bupropion is not fully understood, it is 
generally considered to work by inhibiting the reuptake of dopamine and 
NIT allowing for increased amounts of both neurotransmitters to bind to 
their respective receptors in the CNS. This allows the drug to be useful in 
patients in whom TCAs are not tolerated due to side effects (e.g., orthostatic 
hypotension). The mechanism for smoking cessation is also unknown, but it 
is believed to be mediated through a similar pathway. 






Uses 

Nontricyclic heterocyclic antidepressants are second- and third-line medica- 
lions used in the treatment of major depression and smoking cessation. The\ 
arc also used in patients who do not tolerate TGAs. 

Side Effects 

Stimulant effects 
ii Tachycardia 
Insomnia 
Headaches 

Seizure risk is greater than with other antidepressant drugs 

Contraindicated in the following conditions: 

w Anorexia 
Bulimia 

Seizure disorders (lowers threshold) 

M\OI treatment within the past 2 weeks 

Drug Names 

Venlafaxine, duloxctine. 

Mechanisms 

r**; 

Both VEnlafaxine and DUALoxetine 
are VEry good DUAL inhibitors. 


Uses 

These serotonin and NR reuptakc inhibitors arc used to treat major depres¬ 
sion, including melancholia (vcnlafexine), anxiety disorders, chronic 
pain associated with depression, and diabetic peripheral neuropathic pain 
(duloxctine). 

Side Effects 

Sedation 
Nausea 
Constipation 
Elevated BP 
Sweating 

SSR1 discontinuation syndrome 

Drug Names 

Ncfazndone, trazodone, mirtazapiuc. 

Mechanisms 

These medications arc serotonin modulators. They block the 5-1112 recep¬ 
tor and inhibit reuptakc of 5-HT and NIv Mirtazapiuc also antagonizes hista- 
tninic HI receptors and weakly blocks peripheral od-adrenergic and muscar¬ 
inic receptors. Trazodone can antagonize serotonin at low doses and behaves 


MNEMONIC 


Both vcnlafaxinc (which is converted to an active metabolite O-desmctliyl- 
venlafaxine) and duloxetine work through a similar mechanism to achieve 
their antidepressant effects. Both medications work to inhibit the reuptakc of 
serotonin and NR. The exact mechanism by which they inhibit reuptake is 
unknown. Roth vcnlafaxinc and dnloxctine inhibit serotonin reuptakc more 
than NE reuptake. 
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like u serotonin agonist at high doses. In addition to blocking prcsynaptic sero¬ 
tonin rcuptakc, trazodone is thought to have histamine blockade, allowing it 
to be useful in the treatment of insomnia. 

Uses 

These medications are used to treat major depression and anxiety disorders. In 
addition, trazodone may be used to treat insomnia. 

Side Effects 

Sedation (especially low-dose mirtazapinc) 

Increased appetite 
Weight gain 
Dry mouth 

11 epa to toxicity (nefazoclonc) 

Priapism (trazodone) 

Visual trails (nefazodone) 

Postural hypotension 

Drug Name 

Maprolilinc 

Mechanisms 

Maprotiline is a tetracycline antidepressant drug lira I selectively prevents the 
reuptake of NR. Maprotiline does so at the neuronal membrane and differs 
from tricyclic antidepressants and hclcrocyclic antidepressants in that it does 
not prevent the reuptake of serotonin. 

Uses 

Maprotiline is used in the treatment of major depression. 

Side Effects 

Sedation 

Orthostatic hypotension 


NEUROLEPTICS 


Neuroleptics (classified as first- and second-generation antipsychotic*} block 
dopaniine-2 receptors (D2). These drugs are most effective against the posi¬ 
tive symptoms of schizophrenia, such as hallucinations and delusions. 

First-Generation Antipsychotics 
Drug Names 

Chlorpromazinc and thioridazine (low potency), haloperidol, trifluoperazine, 
pimozide, perphenazine (high potency). 

Mechanisms 

First-generation antipsychotic* work in the mesolimbic system through block¬ 
ing the postsynaptic D2 receptors. The low-potency drugs (e.g,, ehlorpromaz- 
ine, thioridazine) also have an affinity fur muscarinic Aeh receptors and his- 
taminergic receptors (see side effects), I ligh-potcncy drugs (c.g., haloperidol) 
have greater affinity for 112 receptors. 





KEY FACT 


Uses 

First-generation antipsychotic drugs arc useful in the treatment oi acute psy¬ 
chosis as well as in patients with bipolar disorder. Haloperklol can he used 
in Tourcttcs syndrome (to control lies) and Huntington's disease (to combat 
choreiform movements associated with advanced disease). 

S/de Effects 

Extrapyramidal signs (parkinsonism, akatlmia, tremor). 

Movement disorders (tardive dyskinesia, dystonias). 

Sedation. 

Neuroleptic malignant syndrome. 

Anticholinergic side effects. 

Sudden death from prolongation of the QT interval, leading to torsades de 
pointes (thioridazine). 

Irreversible retinal pigmentation (thioridazine). 

Deposits in the lens and cornea (chlorproniazinc). 


■ 

Blockade of muscarinic receptors 
causes: 

m Facia! flushing 

■ Dry mouth 

■ Urine retention 
m Constipation 

Blockade of histamine receptors 
causes: 

■ Weight gain 

■ Sedation 

• Orthostatic hypotension 
m Tremor 

* Sexual dysfunction 


Second-Generation Antipsychotics 
Drug Names 

Clozapine, risperidone, olanzapine, quetiapinc, ziprasidone, aripiprazole. 

Mechanisms 

Atypical antipsychotics bind to the serotonergic, dopaminergic (with affin¬ 
ity to D2), and noradrenergic systems. Each medication has a different neu- 
roreceptor profile, accounting tor differences in therapeutic action and side 
effects, ( here are several advantages of atypical antipsychotics over typical 
antipsychotics. Second-generation antipsychotics are more effective with neg¬ 
ative and chronic symptoms of schizophrenia. In addition, there is a reduced 
chance of tardive dyskinesia, neuroleptic malignant syndrome, and extrapyra- 
midal signs. 

Uses 

These medications arc used to treat schizophrenia, psychosis, and bipolar dis¬ 
order, and for antidepressant augmentation (risperidone). 

S/de Effects 

Cardio toxicity. 

Weight gain. 

Neuroleptic malignant syndrome, 

Extrapyramidal reactions (see above). 

Agranulocytosis (clozapine), 
increased chance of seizures. 

Weight gain (clozapine, olanzapine). 

Insulin intolerance, leading to type 2 diabetes (tins side effect from some 
of the second-generation agents may be unrelated to weight gain). 
Hyperlipidemia. 

ECG abnormalities (prolongation of QT and PR intervals mav occur with 
ziprasidone). 

Increase in prolactin levels (gynecomastia, galactorrhea, and amenorrhea, 
seen especially with risperidone). 

Ziprasidone and aripiprazole have fewer metabolic side effects than the oilier 
second-generation antipsychotics. 
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MOOD STABILIZERS AND ANTICONVULSANTS 


Mood Stabilizers 
Drug Name 
Lithium. 

Mechanisms 

The exact mechanism of this mood stabilizer is unknown. However, it is 
believed that lithium interferes with monoamine synthesis, release, and 
reuplake. 

Uses 

Lithium is used in the treatment of bipolar disorder and to augment antide¬ 
pressants in major depressive disorder. Lithium may take 2-3 weeks to start 
working, and because of its low therapeutic index, its blood level must be fol¬ 
lowed and kept to the minimum therapeutic level. Creatinine and TSII must 
also be followed regularly. 

Side Effects 

Hypothyroidism, goiter. 

Thirst. 

Tremor, 

Diarrhea. 

Renal dysfunction (nephrogenic diabetes insipidus, increased creatinine, 
eventual kidney failure). 

Increased appetite and weight gain. 

Cardiac conduction problems. 

Mild cognitive impairment. 

CNS depression and renal damage {at toxic levels). 

Congenital abnormalities. 

Anticonvulsants 

Anticonvulsants are agents that suppress uncontrolled neuronal discharge in 
epileptic seizures. Seizures are characterized as either partial or generalized. 
Within the partial seizures, a patient can have a simple seizure, a complex sei¬ 
zure, or a partial seizure with secondarily generalized tonic-clonic seizure. Of 
the generalized seizures, a patient can have an absence seizure, a myoclonic 
seizure, or a tonic-clonic seizure. Anticonvulsants work through three different 
types of mechanisms to reduce the likelihood that a seizure will occur. The 
mechanisms consist of inhibiting neuronal firing through GABA (presynaptie 
and postsynaphe mechanisms), through voltage-activated sodium channels, or 
through voltage-activated calcium channels (see figures 6-75, 6-76, and 6-77, 
respectively). 

Drug Name 

Valproic acid. 

Mechanism 

Valproic acid or valproate {its dissociated or ionized form) works via binding 
to sodium channels and prolonging the inactivated stale of the sodium chan¬ 
nel (see figure 6-76), It also has a role in decreasing calcium influx across I lie 
cell membrane, reducing the calcium current in certain neurons (see figure 
6-77), and may cause the release of various neuretransmitters {allowing it to 
be used in other disorders as well). 
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F i c u l? E e - 7 5 , Anticonvulsants that target presynaptic and postsynaptic GABA and the 
GABA receptor. Vigavalrin, valproate, tiagabine, barbiturates, and benzodiazepines all target 
the role of GABA and its receptor in CNS inhibition, (Modified, with permission, from Kat- 
zimg IKb Busic t> C/fmcrJif Pluiniufcolo^y, lOth ecb New York: McGraw-Hill, 2007: 506,) 


Uses 

Valproic acid is used Tor the treatment of partial and generalized tonic-clonic 
seizures, bipolar disorder, and intermittent explosive disorder. Also, it is 
used as prophylaxis for migraines. Use of this drug is deereasing due to the 
increased number of side effects and its lower efficacy compared with other 
medications. 
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FIGURE 6 *?e. Anticonvulsants that target and extend sodium channel inactivation. 

Gurhan-uizcpiuc, phenytuiu, topiranutc. kimotriguic. valproate, and /nriisaiiLidt- all target 
sodium dutitncb and aim to prolong their iiiaclivalion in tlir treatment of seizures. (Modi* 
ficd. w ill r pet mission, from Kntzuug BC k IkmY c* Clinicuf Pharmacology, Mill ed. New York: 
McGniw-Hilf, 2007 : 50 $.) 
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FIGURE 6-77. Anticonvulsants that target and reduce current through calcium chan¬ 
nels* Only valproate and cthosuximide targe! and reduce current through T-type calcium chan- 
rids iu the trCiitiiicut of generaIr/cd absence seizures. 


Side Effects 

Cl upset, with stomach pain, nausea, and diarrhea 

Increased appetite, leading to weight gain 

Tremor 

Sedation 

Alopecia 

S Icpa to toxicity 

Decreased platelet count 

Passible polycystic ovarian syndrome 

Congenital neural tube defects 

Drug Name 

Kthosuxunide. 


Mechanisms 

Fthosimmide, like valproic acid, works by reducing the calcium current in 
thalamic neurons* The thalamus is responsible for the generation of the vll/ 
spike-and-wave rhythms seen in absence seizures. By reducing these T-type 
currents in the neurons of the thalamus, ethosuxiiTmle can stop the rbytlunie 
discharge associated with an absence seizure (see Figure 6-76}* 




MNEMONIC 


eTHosuximide targets the THalamus. 


Uses 

Kthosimmide is typically used to treat absence seizures, Because it works in 
the thalamus, it lias target-specific therapy. 

Side Effects 

Cl distress 
Lethargy 
i Icadachc 
Urticaria 

Stevens-] olinson syndrome 


a 
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Drug Name 

Phenobarbitak 

Mechanisms 

line barbiturate phcnobarbital acts on the GABA a receptor By doing so, il 
can increase CNS inhibition and raise the seizure threshold (see Figure 
6-75). 

Uses 

Phenobarbital has many uses; however, its role in anticonvulsive therapy is 
specific to treating patients in status cpilcpUeus, 

Side Effects 

Sedation 

Tolerance 

Dependence 

Induction of cytochrome P-450 system 

Drug Name 

Carbamazcpine. 

Mechanisms 

Carbamazepinc works by reducing the rale of recovery of voltage-activated 
sodium channels, blocking the repeat firing of APs that is classically associated 
with partial seizures and generalized tonic-clonic seizures (sec Figure 6-76). 

Uses 

Carbamazcpinc is used to treat partial seizures and tonic-clonic seizures as 
well as bipolar disorder and trigeminal neuralgia. 

Side Effects 

Aplastic anemia. 

Agranulocytosis, 

Induces cytochrome P-450 enzymes, causing increased metabolism of 
many drugs, including itself and oral contraceptives. 

Drug Name 

Phenytoin. 

Mechanisms 

Like carbamazcpinc, it acts by slowing the rate of recovery of voltage-activated 
sodium channels (see Figure 6-76). 

Uses 

Phenytoin is used to treat all types of partial and tonic-clonic seizures (not 
absence seizures). 
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Side Effects 

r toxicity (at high levels): 

Nystagmus 

Diplopia 

Ataxia 

Sedation 

Gingiva] hyperplasia 
Megaloblastic anemia 
SLtvlike syndrome 
Induction of cytochrome P-450 

Drug Name 

hanioiiigine. 

Mechanisms 

Lamotriginc has a mechanism similar to that ot phan tom and earbamazepinc 
(see Figure 6-76). In addition to these properties of prolonging inactivation 
of voltage-activated sodium channels, it may be associated with reducing the 
amount of released glutamate. 

Uses 

It is used to treat partial seizures, generalized tonic-clonic seizures, focal epi¬ 
lepsy, 1 iCnnox-Gastaut syndrome, and bipolar disorder. 

Side Effects 

Dizziness 
Nausea 
11 cadache 

Skin rash (hypersensitivity' reaction) 

Slcvcns-johnson syndrome (avoided by increasing the dose very slowly) 

Drug Name 

Cubapentjn* 

Mechanisms 

The mechanism of gabapentin is unknown, although it is thought to promote 
the release of GABA (see Figure 6-75). 

Uses 

Since it is a highly lipid-soluble cl rug, gabapentin is used in sedation as well as 
to treat partial seizures, pain, and anxiety. 

Side Effects 

Sedation 
Weight gain 

Drug Name 

Pregabalin, 




Mechanisms 

T he mechanism of action of pregabalin is unknown. Its antinociceptive and 
antiscizure effects may be due to binding to the ot-r8 subunit and modulation 
of calcium channel Function. Pregabalin increases the density of the GABA 
transporter protein and increases the rate of functional GABA transport. 

Uses 

Pregabalin is used to treat neuropathic pain associated with diabetic neuropa¬ 
thy and postherpetic neuralgia and in the adjunctive treatment of partial-onset 
seizures and fibromyalgia. 

Side Effects 

Dizziness 
Somnolence 
Weight gain 


TREATMENTS FOR NEURODEGENERATIVi DISEASE 


Drugs Used to Treat Alzheimer's Disease 

The decrease in ACh levels and the increase in the excitatory ncurotransniit* 
ter glutamate arc a notable part of Alzheimer's disease. One strategy to prevent 
progression of Alzheimer's disease is by blocking the N-methyl-D-aspartatc 
(NMDA) receptors that arc activated by excess of glutamate. Likewise, since 
AChE breaks down ACh into choline and acetate (sec Figure 6-71), blocking 
the action of AChE may aid in stopping disease progression and improving 
cognition. 

N-Methyt-D-Aspartate: Glutamate Receptor Antagonist 
Drug Name 

Memantine, 

Mechanism 

During depolarization of neuronal cells, calcium bypasses the magnesium 
blockade on the NMDA receptor and enters the cell Over lime, the influx of 
calcium leads to neuronal damage. Memantine produces a noncompetitive 
blockade of NMDA receptors in the CNS, Once memantine has acted, the 
NMDA receptor cannot be stimulated by glutamate. This results in less intra¬ 
cellular calcium. In essence, lowering intracellular calcium levels spares the 
nerve from Further damage. 

Uses 

Memantine is used to treat moderate to severe Alzheimer's disease. It may also 
have a role in the treatment of vascular dementia. 

Side Effects 

Agitation 

Urinary incontinence 

Insomnia 

Diarrhea 
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Drug Names 

Tacrine, donepezil, rivastigmine, gala nta mine. 

Mechanisms 

All of these medications are selective inhibitors of AchE in the CNS. By selec¬ 
tively inhibiting AchE in the CNS, levels of Acli will increase, with the goal 
of improving cognition. The benefits of having centrally acting AchE inhibi¬ 
tors are improved efficacy and decreased side effects (decreasing peripheral 
acetylcholinesterase and the associated peripheral side effects). 

Uses 

These drugs are generally used in the treatment of Alzheimers disease 
because they are centrally acting. AchE inhibitors, in general, have multiple 
uses in medicine. 

Side Effects 

Nausea 

Vomiting 

Diarrhea 

Insomnia 

Drugs Used to Treat Parkinson's Disease 

Parkinsons disease is caused by a loss of dopaminergic neurons (particularly 
D2 receptors). The death of these neurons, located in the substantia nigra pars 
com pact a, results in lower levels of dopamine in the CNS. A lack of dopa¬ 
mine appears clinically with symptoms of mask-like facies, bradykinesia, rest¬ 
ing tremor, muscle rigidity', and postural instability, Several strategies are used 
to increase the levels of endogenous dopamine by preventing its degradation, 
add exogenous dopamine dial is converted centrally, or give dopamine ago¬ 
nists that directly stimulate D2 receptors (see Figure 6-78)* 

Drug Names 

Bromocriptine, pergolide, ropinirolc, pramipexole. 

Mechanisms 

Broadly, these drugs work as dopamine receptor agonists. I lowever, each drug 
has different effects on the differen t types of dopamine receptors. For example, 
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FIGURE 6-78, Relationship between peripheral md centrally acting drugs used to treat 
Parkinson's disease. (Modified, with permission, from limntmi IT, LisoJS, Parker KL Good* 
man and (Ulnmna Thu Pharmacological BamofThintpeulics. 1 Itli cd, New York: McGravv- 
Hill, 2006:5%.) 
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pergolide is an agonist of both DI and D2 receptors, ropinirole and praniipex- 
ole act only at D2 receptors, and bromocriptine is a D2 receptor agonist and 
DI receptor antagonist. Bromocriptine also has properties that allow it to 
antagonize dopamine type I receptors in the hypothalamus. 

Uses 

These medications arc used In treat Parkinsons disease. Bromocriptine 
can be used to reduce the rate of growth of pituitary adenomas and to treat 
acromegaly. 

Side Effects 

Headache 
Nausea 
Vomiting 
Epigastric pain 

1 lypotension/syncope initially, leading to hypertension over time 

Drug Name 

Levodopa. 

Mechanisms 

Levodopa is a metabolic precursor of dopamine that enters the brain through 
an Lramino acid transporter. Once there, it is further dccarboxylated to dopa¬ 
mine. Levodopa appears in the urine as the metabolites homovanillie acid 
(HVA) and dihydroxyphenylacetic acid (DOPAG). 

Uses 

First-line medication in lire treatment of Parkinson's disease. 

Side Effects 

Nausea and vomiting 

Tachycardia 

Atrial fibrillation 

Dyskinesias 

Depression 

Agitation 

Confusion 

Levodopa is contraindicated in psychosis and closed-angle glaucoma. 

Monoamine Oxidase Inhibitors 

Two types of monoamine oxidase have been distinguished in the nervous 
system: 

Monoamine oxidase A metabolizes NE and serotonin. 

Monoamine oxidase B metabolizes dopamine. 

Drug Names 

Selegiline, rasagilme. 

Mechanisms 

Selegiline is an irreversible selective inhibitor of MAO-B. MAC LB is found in 
the striatum and metabolizes dopamine in the brain. 
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Uses 

Parkinson's disease; a skin patch is used in major depression. 

Sioe Effects 

Serotonin syndrome (can occur when taken in com hi nation with meperi¬ 
dine, I CAs, or SSKIs). 

A selegiline preparation (EMSAM) is available in a skin patch that allows the 
drug to bypass the Cl tract, Its low dose docs not have the tvraminc food inter¬ 
actions seen with other MAOIs, 

Catechol-O-Methyltransferase Inhibitors 
Drug Nambs 

iolcupone (central and peripheral), enlacapone (peripheral). 

Mechanisms 

The catechol-O-incthyltransferase inhibitors tolcapone and entacapone can 
prolong the action of Icvodopa h\ diminishing its peripheral and central 
metabolism. Entacapone is preferred to tolcapone (less hepatotoxicity). 

Uses 

Used to increase the levels of levodopn in the treatment of Parkinson's disease. 

Side Effects 

Dyskinesias 
" Nausea 
Confusion 


CLINICAL ANESTHETICS AND ANALGESICS 


General Anesthetics 

General anesthetics arc essential to surgery because they cause analgesia, 
amnesia, and unconsciousness- They also cause muscle relaxation and sup¬ 
pression of reflexes. 

Stages of Anesthesia 

hour sequential stages: 

Stage 1— Analgesia: "Conscious and conversational/’ 

Stage 2 — Oisinhibition: Autonomic variations (changes in BP, heart rate, 
and respiratory rate). 

Stage 3 —Surgical anesthesia: Unconsciousness and muscle relaxation. 
Stage 4—Medullary depression: Respirator}' and vasomotor center depres¬ 
sion. 

Method of Delivery 

Inhaled agents are volatile, halogenatcd hydrocarbons that were derived from 
early research and clinical experience \sith ether and chloroform, IV drugs 
are typically used because of their common properly of rapid induction. 







Inhaled Anesthetics 

Depth of anesthesia can be rapidly altered by changing the inhaled concentra¬ 
tion of the drug, making it suitable for maintaining anesthesia. The speed of 
induction of inhaled anesthetics will depend on the alveolar gas and venous 
blood partial pressures, the solubility of the anesthetic agent in the blood, and 
the alveolar blood flow. The minimum alveolar concentration (MAC), which 
is very similar to ED ;i) , is equal to the alveolar concentration of an inhaled 
anesthetic that stops movement in 50% of patients in response to incision. 

In order to cross the selectively permeable BBB, drugs must penetrate through 
lipids (lipophilic) or must he .actively transported at (lie junction. 

Drug Names 

Halothane, isoflurane, sevoflurano, desflurane. 

Mechanisms 

The mechanism of inhaled anesthetics is poorly understood. 

Uses 

Inhaled anesthetics arc used in the maintenance of anesthesia. 

Side Effects 

Respiratory depression 

Nausea 

Emesis 

Hypotension 

Toxicity 

Hepatotoxicily (halothane) 

Nephrotoxicity (mcthoxyfhiranc; no longer used in the United States) 
Convulsions (cn flu rane) 

Malignant hyperthermia (ail agents except nitrous oxide) 

Intravenous Anesthetics 

Used to rapidly induce anesthesia, with propofol having the ability to both 
induce and maintain anesthesia. 

Types 

Barbiturates 

Benzodiazepines 

Ketamine 

Opiates 

Propofol 

Barbiturates (Thiopental) 

Highly lipid-soluble agents that enter the brain rapidly, making them suitable 
for induction of anesthesia and short surgical procedures. Redistribution from 
the brain causes loss of effects. They arc not analgesic and therefore require 
a supplementary' analgesic. IV barbiturates can cause severe hypotension in 
patients who are hypovolemic or in shock. 



KEY FACT 

i_ 


Drugs with low solubility in blood 
have rapid induction and recovery 
times. Drugs with high solubility in 
lipids have increased potency. 



KEY FACT 


Dantrolene is used to correct 
malignant hyperthermia because 
it interferes with calcium in the 
sarcoplasmic reticulum of muscle 
cells. 



KEY FACT 

i_ 


Anesthetic concentrations of 
pentobarbital block high-frequency 
sodium channel s. 







CHAPTER 6 


M 


flU 


NEUROLOGY 





KEY FACT 


Opioids are reversed with naloxone, 
which antagonizes the opioid 
receptor- 


Benzodiazepines (Midazolam) 

Most common drug used for endoscopy; it is used with inhalations] anesthet¬ 
ics and narcotics. Midazolam causes severe postoperative respiratory depres¬ 
sion and amnesia. 

Ketamine (Arylcvclohexylamine) 

A PGP analog that acts as a dissociative anesthetic (very high affinity for 
NMDA receptors). 11 causes sedation, amnesia, immobility; disorientation, 
and hallucinations. 




MNEMONIC 


B.B. King on OPIATES PROPOses 
FOOLishly. 

Barbiturates 

Benzodiazepines 

Ketamine 

Opiates 

PROPOFOL 


Opioids {Morphine, Fentanyl, Sufentanil) 

Used with other CNS depressants during general anesthesia, 'toxicity causes 
hypotension, respiratory depression, and muscle rigidity. 

Propofol 

Used for rapid anesthesia induction and short procedures. An excitatory' phase 
may occur, causing muscle twitching, spontaneous movements, and hiccups. 
It also can reduce 1C! 5 , Propofol is used in the resection of spinal tumors. 
Since it has much less effect than the volatile anesthetics on CNS-cvokcd 
potentials, it can be used to assess spinal cord function. 



Rapid Review 
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Key Terms 


ituifvn mnmt iWHKtuimrn«« 

Agnosia 

. . i|iiiniin-niTTiminiiiiMi*limnr*illnrawiHllimMHIimiB. . 

Inability to identify an object by name despite the ability to describe the 
object 

Aphasia 

Loss of ability to use or understand written or spoken language. 

Athetosis 

Writhing movements of the extremities that involve involuntary changes 
in posturing. 

Broca's aphasia 

Inability to form words and sentences due to an injury to Broca's area 
(comprehension is preserved). 

Chorea 

Involuntary movements of extremities or face that the patient may 
mask by turning them into “purposeful" movements. 

Dysarthria 

Difficulty pronouncing words. 

Heinfballismus 

Wild flailing of an arm due to injury to the subthalamic nucleus. 

Wernicke's 

aphasia 

Retains ability to form words and sentences but they are without 
coherence or meaning. 

rtnbmrjiuuiavannij jmjiumirpuj mm .... 


































table 6-39. Signs to Differentiate Upper 
and Lower Motor Neuron Lesions 

Itutllintwntll I itiff^iJiltntRliniM n I lit. /111J 11 u j i iTMiiiit11II linn inTW! 


Sign 

UMN 

LMN 

Weakness 

4 

4 

Atrophy 

- 

4 

Fasciculations 

— 

4 

Reflexes 

T 

l 

Tone 

T 

l 

Bab inski's sign 

4 
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| FINDINGS SUGGESTIVE OF INTRACRANIAL PATHOLOGY 


Intracranial pathology w ill manifest clinically in a specific manner depending 
on the location of the lesion (upper motor neuron [UMN| versus lower motor 
neuron [LAIN] involvement). Knowing the physical exam findings is useful in 
identifying the disease process (see "Fable 6->9). 


NEURAL TUBE DEFECTS 


The neural tube usually closes by the 28th day of gestation. Defects associated 
with abnormal closure are referred to as neural tube defects. They arc associ¬ 
ated with low folic acid intake during pregnancy, and elevated a-feloprotcin 
in anininlic fluid and maternal serum. 

n Anencephaly: Severe neural tube defect with occurrence of 1 in 500 
births. Folate deficiency and increased age of the mother are risk factors, 
Encephaloceles: Protrusion of a variable amount of meninges and brain 
parenchyma through a defect in the cranial bones (usually occipital). 
Cranial meningoceles: Distinguished from encephaloceles by the pres¬ 
ence of only meninges and CSF in the herniated tissue. 

Spina Bifida Occulta 

Spina bifida occulta is a defect in posterior vertebral arch closure with intact 
meninges and spinal cord. The overlying skin may be dimpled. 

Meningocele and Meningomyelocele 

Meningomyelocele is herniation of spinal meninges and cord through a pos¬ 
terior vertebral defect to form a cyst-like outpouching (spina bifida cystica). If 
only the meninges herniate through the defect, it is termed meningocele. 

Amold-Chiari malformation: Abnormally shallow posterior cranial fossa 
with caudal extension of the medulla oblongata and portions of the cer¬ 
ebellar vermis through the foramen magnum. Often seen with meningo¬ 
myelocele and hydrocephalus. 
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Dandy-Walker malformation: Characterized by aplasia/liypoplasia of the 
cerebellar vermis, dilation of the fourth ventricle, and enlarged posterior 
fossa. Usually associated with hydrocephalus. 


DEGENERATIVE DISEASES 


Degenerative diseases of the CNS present with some degree of cognitive 
impairment and dementia. May be associated with tremor or paralysis. These 
diseases usually affect the elderly. 

Alzheimer's Disease (AD) 

Most common cause of dementia (memory impairment and other cognitive 
deficits with preservation of a normal level of consciousness) in the elderly 
(most cases occur after age 50). Caused by a deficiency of acetylcholine from 
the nucleus of Mcynert. 

Amyloid precursor protein (APP): Genetic mutation on chromosome 21 
causes the production of APP, The breakdown of APP is the source of the 
p-amyloid deposits {which form the senile plaques) in the brains of patients 
with AD* 

Tan protein: Intracellular protein involved in the assembly of intra-axonal 
microtubules. Patients with AD have a hvperphosphorylated tan protein 
that accumulates, leading to cvtoskeletal abnormalities (another feature of 

AD)* 

Apolipoprotein E: Expressed with increased frequency in patients with 
latc-onset AD, It may be involved with the transport and processing of 
APP. 

Neurofibrillary tangle: Microscopic changes in the brain, whic h appear as 
coarse, filamentous aggregates within I lie cytoplasm of neurons* They arc 
composed of protcin-rich paired helical filaments (PHFs)* the main com¬ 
ponent of which is hyperphosphoivlated tan protein. 

Senile plaque: Appear as aggregates of coarse, tortuous neurites in the 
neuropil of the cerebral cortex with a central amyloid core. 

Amyloid angiopathy: Deposition of fkimyloid in the meningeal and 
parenchymal vessels, as well as senile plaques. 

Parkinsonism 

Presents after the sixth decade. A progressive disturbance in motor function 
with insidious onset characterized by rigidity, expressionless facies, stooped 
posture, gait disturbances, slowing of voluntary movements* and a character¬ 
istic pill-rolling tremor. Involves the dopamine-secreting neurons of the sub¬ 
stantia nigra and locus ceruleus. 

Substantia nigra and locus eerulcus: Two areas that become depig- 
merited as a result of loss of melanin-containing neurons* The neuropil 
is glioticp and some of the remaining neurons in these areas contain con¬ 
centrically laminated eosinophilic, intracytoplasmic inclusions known as 
Lewy’s bodies. 

Huntington's Disease (HD) 

Hereditary (autosomal dominant), progressive (over 15-20 years), fatal disor¬ 
der involving the extra pyramidal motor system, characterized by involuntary, 
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writhing movements (chorea) and dementia. It usually presents between the 
fourth and fifth decades. 

Trinucleotide repeat mutation; CAG repeats affecting the lumtmgtin 
gene on chromosome 4 have been identified as the cause of III), The 
result of this mutation is some degree of impairment of the normal protein 
produced by the himtingtin gene (gain-of-function mutation). 

Amyotrophic Lateral Sclerosis (ALS) 

Fatal degenerative disorder involving the upper and lower motor neurons of 
I lie pyramidal system, with resultant progressive muscle weakness, atrophy, 
and spasticity. As such, it presents with the slow onset of weakness progressing 
to atrophy and small involuntary muscle contractions (fasciculalinns). It exists 
in hereditary and sporadic forms, but the cause is unknown. Some suggest an 
SOI) mutation, 

Precentral gyrus: Location of the primary motor cortex in the brain and 
the location of upper motor neuron atrophy in patients with severe ALS. 
Bab inski s reflex: Sign of upper motor neuron damage. Seen as upgning 
toes in response to a painful stimulus applied to the sole of the foot. 

Werdnig-Hoffmann Disease (Infantile Spinal Muscular Atrophy Type 1) 

An autosomal recessive disorder manifested by congenital hypotonia I (loppy 
infant syndrome). It is characterized by a progressive loss of motor neurons 
in the anterior horns of the spinal cord, resulting in atrophy of anterior spinal 
roots and peripheral motor nerves and denervation in multiple skeletal muscle 
groups. Death occurs before I year. 

Pick's Disease (Frontotemporal Dementia) 

Atrophy ot the frontal and temporal areas of the brain (can lie seen on CT) 
affecting people between the ages of4(( and 60 who initially present with per¬ 
sonality changes (behaving poorly in public), speech difficult) (aphasia), and 
parkinsonian traits. Pathologic lesions called Pick's bodies (neurons with tail 
protein collections) are seen. Treatment is supportive. 

Friedreich's Ataxia 

Inherited, autosomal recessive disease that causes progressive demydinatiou 
of the spinal cord and peripheral nerves. Manifests in children (aged 's—1 5 
years) as difficulty walking (ataxia) that progresses to weakness in the upper 
extremity. Slurring and slow speech (dysarthria) are late signs. Associated with 
heart anomalies and disease. 


BRAIN LESIONS 


The brain organizes many tasks into specific anatomic locations (e.g. t vision, 
motor movement, and speech). A lesion to any given area will cause a char* 
acteristic set ot deficits. Knowledge of these areas are high yield in answer¬ 
ing questions and in clinically identifying the location of the lesion (see Table 
6-40). 
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TABLE 6-40, Areas of the Brain and Their Associated Deficits 


Area 

Deficit 

Broca's area 

Motor aphasia with good comprehension. 

Wernicke's area 

Sensory aphasia with poor comprehension. 

Arcuate fasciculus 

Conduction aphasia; poor repetition with good 
comprehension and fluent speech. 

Amygdala (bilateral) 

Kluver-Bucy syndrome (hyperorality, hypersexuality, 
disrnhibited and behavior)- 

Frontal lobe 

Personality changes and deficits in concentration, 
orientation, and judgment 

Right parietal lobe 

Spatial neglect syndrome (agnosia of a given side of the 
environment). 

Reticular activating 

Coma. 

Mammary bodies (bilaterally) 

Wernicke-Korsakoff syndrome. 

Basal ganglia 

Resting tremor, chorea, or athetosis. 

Cerebellar hemisphere 

Intention tremor, limb ataxia. 

Cerebellar vermis 

Truncal ataxia, dysarthria. 

Subthalamic nucleus 

Contralateral hemiballismus. 


Demyelinating Diseases 
Multiple Sclerosis 

DemyclimiHng disease of ilie CNS, typically presenting in young adults 
(18-40 years of age) as visual disturbances, paresthesias, spasticity, speech dis¬ 
turbances, or gait abnormalities. These neurologic deficits wax and wane and 
involve different aieas of the CNS, Evidence suggests it is an autoimmune dis¬ 
ease involving r I -cell and antibody-mediated injury to myelin sheaths and/or 
oligodendroglial cells. 

Plaques: MS is characterized by the presence of multiple areas of dcmycli- 
nation, termed plaques. Common sites include periventricular white mat¬ 
ter, optic nerves, and spinal cord white matter 

Shadow plaques: Contain axons invested by abnormally thin, faintly stain¬ 
ing myelin sheaths and are believed to represent areas of remyelination. 























































Oligodonal baud: Gamma globulin is increased, and CSF electropho¬ 
resis reveals discrete bands of immunoglobulins known as oligoclcmal 
hands. 

Myelin basic protein: Suggested target of autoantibodies and T-eell activ¬ 
ity, Often present in the CSF during periods of active dcmyelination* 

Guillain-BarrE Syndrome 

This syndrome can follow a viral or mycoplasma infection, allergic reaction, 
or surgical procedure. It is characterized by rapidly progressive ascending 
motor weakness that may lead to death from respirator)' failure. Sensory defi¬ 
cit is less pronounced, 

Progressive Multifocal Leukoencephalopathy (PML) 

Progressive demyctination of the CMS caused by JC virus in immunocompro¬ 
mised patients (AIDS, lymphoma). Presents with a range of symptoms (hemi- 
paresis, aphasia, dysarthria, hemianopsia). Mill and CT show multiple lesions 
in the white matter. 


SEIZURES 


Result from abnormal neural activity at either a single focus (partial) or glob¬ 
ally (generalized). They will present in a range of ways (sensory perceptions, 
unintentional motor movement, loss of consciousness, auras), depending on 
the location of the abnormal foci within the brain. Keys to diagnosis involve 
the age of the patient, presence or absence of loss of consciousness, and char¬ 
acteristics of the event (types of movements, auras). EEC is the first-line tesl. 

Partial 

Simple 

Seizure lasts 10-30 seconds and is characterized by movements of the head, 
neck, or extremities. Consciousness is maintained, "there is no postictal con¬ 
fusion, EEC shows a multifocal spike pattern. 

Complex 

May begin as a simple seizure but progresses to loss of consciousness. The 
event may be preceded by an aura. Followed by repeated movements (pur¬ 
poseful or nonpurposeful) or repeated words or means. 

Generalized 

Absence 

Attacks described as staring spells in children aged between 3 and 5 years (the 
child stops the task at hand and stares). There is no postictal stale or tonic- 
clonic movement, and children do not remember I he event. EEC findings 
show a 3d Iz spike-and-wave pattern. First-line treatment is ethosuximide, 

Tonic-Clonic (Grand Mal) 

Loss of consciousness, bilateral extremity movement (tonic-clonic move¬ 
ments), and often urinary incontinence and tongue biting. The patient is con¬ 
fused in I he postictal state. 





INTRACRANIAL HEMORRHAGE 


Epidural Hematoma 

Most frequently caused by middle meningeal artery rupture secondary 
to skull fracture. These hematomas rapidly expand and increase intracra¬ 
nial pressure, leading to flattening of the gyral crests, herniation, brain stem 
compression, and death. '1'he patient will often lose consciousness, regain il 
and have a lucid period, but then lose consciousness again. CT will show a 
biconcave disk—shaped collection of blood. Surgical intervention is needed 
immediately. 

Subdural Hematoma 

Collection of blood between the dura and arachnoid mater most often caused 
by rupture of bridging veins in association with rapid changes in head veloc¬ 
ity (c.g,. shaking or whiplash). CT will show a crescent-shaped collection of 
blood that crosses suture lines. Divided into acute and chronic types. 

Acute: Associated with a clear history of trauma, preserved gyral contours, 
and contain clotted blood. The onset of symptoms is slower than that of 
epidural hematoma. With time, it progresses to the chronic form. 

Chronic: Composed of liquefied hlood separated from the inner surface 
of the dura and underlying brain by neomembranes composed of granu¬ 
lation tissue and collagen. Clinical symptoms show slowly deteriorating 
mental status. 

Subarachnoid Hemorrhage 

The most common cause of spontaneous subarachnoid hemorrhage is rupture 
of a saccular (berry) aneurysm. Common presenting complaints involve acute 
onset of headache, nausea, and vomiting. Neck rigidity and grossly bloody 
CSF arc also present. 

Saccular (berry) aneurysms: Usually less than 5 mm in diameter (giant 
aneurysm if greater than 25 mm), and appear as rounded bulges off the 
arterial wall. The aneurysms wall is composed of intima and adventitia 
(no media). 


INTRACRANIAL TRAUMA 


Concussion 

Transient loss of consciousness and widespread paralysis (sometimes seizures), 
followed by recovery over a period of hours to days (usually with sonic mem¬ 
ory loss surrounding the injury). 

Diffuse Axonal Injury 

These lesions result from sudden dccclcration/acceleralion forces that stretch 
or tear nerve ceil processes in cerebral white matter, resulting in axonal swell¬ 
ing and formation of axonal spheroids (sites where axons were damaged). 
Causes postlraumatic dementia. 
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Contusions 

Hemorrhages in lire superficial brain parenchyma occurring in areas where 
the brain conics in contact with the skull. When contusions are most pro¬ 
nounced in I he area of brain immediately under the point of impact (c.g., a 
hammer falls on your bead), they are called coup contusions. When contu¬ 
sions occur at the areas opposite the point of injury (c.g., during falls), they 
are called contrecoup contusions. 


ADULT DRAIN TUMORS 


Glioblastoma Muitiforme 

Irregular, hemorrhagic tumors distinguished from anaplastic astrocytomas by 
areas of micmvascular proliferation and palisading necrosis (areas of necro¬ 
sis surrounded by neoplastic nuclei). 

Meningioma 

Tumors derived from the mcningothelia! cells that invest the arachnoid mater 
and affect women more than men. These honors are firm, lobulatec] lesions 
attached to the dura mater. Calcification may be present aiul takes the form 
of psammoma bodies. 

Schwannoma 

Present as masses (made of Schwann cells) attached to peripheral nerves, cra¬ 
nial nerves, or spinal nerve roots. CN VIII (vestibulocochlear nerve) is com¬ 
monly affected and is termed an acoustic neuroma. Schwannomas typically 
contain areas of densely packed spindle cells (Antoni A tissue), and looser, 
myxoid regions (Antoni B tissue). In denser areas, cell nuclei may form 
orderly palisades (Vcrocay body). 

Oligodendroglioma 

Present in adults as tumors in the cerebral hemispheres. Tumors arc usually 
soft and well-circumscribed, and calcification is common. Classically, the 
neoplastic cells tend to cluster around native neurons, a phenomenon referred 
In as satcllitosis. 

Leptomenmgeal Carcinomatosis 

Metastatic lesions to the brain parenchyma arc usually from the breast, lung, 
or malignant melanomas. Less commonly, they metastasize to the meninges 
(Icptonieningeal carcinomatosis), which cause a vague opacification of the 
meninges with malignant cells present in the CSF. 


PEDIATRIC BRAIN TUMORS 


Pilocytic Astrocytoma 

Children arc more often affected, with common tumor sites including the 
cerebellum, third ventricle, and optic nerves. They arc less infiltrative than 
fibrillary astrocytomas. Cystic areas, brightly eosinophilic Rosenthal fiber, 
and eosinophilic, protein-rich droplets (hyaline granular body) arc often pres¬ 
ent. Treatment is surgical. 
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Medulloblastoma 

Primitive neuroectodermal tumors (PNETs) is a group of tumors (including 
Ewing's sarcoma and neuroblastoma) composed of embryonal small blue cells 
that occur predominantly in children. The member of this group affecting 
the CNS is medulloblastoma. Medulloblastomas are lesions of the cerebel¬ 
lum (causing gait abnormalities) occurring during the first (wo decades of life. 
They are composed of small blue cells which sometimes form small rosettes 
(Homer-Wright rosette) around a fibrillar core. 

Ependymoma 

Ependymomas occur at any age and arise within the ventricular cavities, lead¬ 
ing to hydrocephalus (usually the patient is under age 20), or in the central 
canal of lire spinal cord (adults). Microscopically, there arc elongated cells 
with processes radiating around blood vessels (perivascular pseudorosette) or 
tumina (ependymal rosette). Myxopapillary ependymoma is another variant 
encountered in the filnni terminate. 

Craniopharyngioma 

Benign neoplasm found near the pituitary' gland that arises from Rat like's 
pouch (developmental structure related to the primitive gut). Tumors are 
often cystic and contain fluid and calcifications. Symptoms present when the 
tumor reaches a large size and compresses nearby structures, presenting with 
diabetes insipidus, delayed puberty, or hypothyroid symptoms (compression 
of the pituitary stalk), or visual disturbances (compression of the optic chi¬ 
asm). Diagnosis is made by head CT or MRL First-line treatment is surgical 
resection. 

Hemangioblastoma 

Well-circumscribed, cystic lesions composed of delicate vascular channels 
and intervening lipid-laden, foamy stromal cells that occur in die cerebellum 
and meninges. 


SPINAL CORD LESIONS 


The spinal cord contains numerous tracts running from the peripheral body 
to the CNS and back. Each tract carries different information regarding sensa¬ 
tion and motor function. An insult to the spinal cord will produce a character¬ 
istic presentation, depending on the specific tracts affected. 

Syringomyelia 

Fluid-filled neuroglia! cavity within the spinal cord causing sensory loss in a 
capc-likc distribution over the shoulders and hack. The spinothalamic tract is 
affected, Associated with congenital neural abnormalities. 
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Tabes Dorsalis 

Degenerative disease ot the posterior columns of the spinal cord. Causes loss 
of position sense, vibration, and tactile discrimination. .Associated with tertiary 
syphilis. 

Brown-Sequard Syndrome 

Mcmisection of the spinal cord. Causes loss of motor function on one side 
of the body with loss of sensation on the contralateral side. Associated with 
trauma (e.g., knife Wound), spinal cord tumor (compression of half of the spi¬ 
nal cord), or vascular ischemia. 

Horner's Syndrome 

Ptosis (drooping eyelid), miosis (constricted pupil), and anhidrosis (lack ot 
perspiration) on one side of the face due to in firry of sympathetic nerve fibers 
anywhere along their path from the C8-T2 ventral spinal roots to the superior 
cervical ganglion until termination at sites of innervation. 

Anterior Spinal Cord Syndrome 

\ffects the anterior hvo-thirds of the spinal cord, but spares the posterior col¬ 
umns due to occlusion of the anterior spinal artery. 


PERIPHERAL NERVE INJURIES, UPPER EXTREMITY 


Sec Table 6-41. 


table 6-4 i* Upper Extremity Nerve Injuries 


MMmi 1 1 mi nnlirmtfitrm 1 

Nerve 

Loss of Function 

11 lllli ri’nffRrfnnlti rrnmtrt«n»il iMfi >imi«tfiu/frririii«ftfi»uP«(ii|irrrruTfrrrrf!rtf 

Associations 

Brachial plexus, 
upper trunk 

Loss of abduction, flexion, and lateral rotation of the arm 
(‘'waiter's tip* hand). 

Breech delivery or fall from a horse or 
motorcycle; termed Erb-Duchenne palsy. 

Brachial plexus, 

lower trunk 

Atrophy of the thenar and hypothenar eminences and 

interosseous muscles. 

Birth trauma, thoracic outlet syndrome; 

Klumpke's paralysis. 

Radial 

Loss of extension of the arm and hand; causes wrist drop. 

Mid shaft fracture of the humerus. 

Median 

Loss of forearm pronation, thumb opposition, and flexion of the 
wrist and first and second phalanges. 

Supracondylar fracture of humerus; compression 
in the carpal tunnel. 

Ulnar 

Loss of abduction of ring and little finger, causing daw hand. 

Medial condylar fracture of the humerus. 

Axillary 

Weakness in lateral rotation and abduction of the arm. 

Fracture of the surgical neck of the humerus or 

shoulder dislocation. 

Long thoracic 

utmi ■miiiMttirrnwu tiwaimi 

Paralysis of serratus anterior muscle, causing a winged scapula. Injury during breast surgery; stab wounds. 
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CEREBRAL HERNIATION 


Cerebr.il edema is the presence of increased water content within the brain 
parenchyma. Grossly, the gyri hecome flattened, the suict narrowed, and the 
ventricles compressed, Cerebral edema can lead to herniation. 'I'lie expand¬ 
ing brain and increased intracranial pressure within tire rigid skull displaces 
brain tissue. 

Transtentorial 

The medial aspect of the temporal lobe is compressed against the free mar¬ 
gin of the tentorium cereheili, impinging on CN 111 (pupillary dilation and 
impaired ocular movements). 

Subfalcine 

Unilateral or asymmetric expansion of the cerebral hemisphere displaces the 
cingulate gyrus under the falx cerebri (compression of the anterior cerebral 
artery with ischemic injury to the primary sensors and/or motor cortex). 

Tonsillar 

Life-threatening displacement of the cerebral tonsils through the fora¬ 
men magnum (damages respiratory centers of the medulla oblongata). It is 
accompanied by hemorrhagic lesions in the midbrain and pons (Duret’s 
hemorrhages). 


VISUAL FIELD DEFECTS 


The brain processes sight along a pathway that extends from the retina to the 
visual cortex (see Figure 6-49}. Lesions along this pathway produce a charac¬ 
teristic visual field deficit. 


INFECTIOUS DISEASES 


4’he CNS is susceptible to a range of infectious diseases that can he fatal. The 
typical presentation is related to inflammation, and includes headache, neck 
stiffness, photophobia, fever, and even focal neurologic deficits. Diagnosis is 
often made by cerebrospinal fluid analysis. 

Meningitis 

Inflammation of the meninges and subarachnoid space. Divided into acute 
(bacterial), lymphocytic (viral), and chrome meningitis. 

Acute (purulent) leptomeningitis: Nearly all cases are caused by bacteria 
that reach the CSF via the blood after colonizing the nasopharynx. The 
meninges become congested and contain creamy exudates in the sub¬ 
arachnoid space. Clinical presentation includes fever, headache, stifT neck, 
altered mental status, and turbid CSF with an increase in neutrophils and 
decrease in glucose. 

Acute Ivtnphocytic (viral) meningitis: Typically a self-limited meningitis 
with a better prognosis than bacterial meningitis, although the clinical pre¬ 
sentation is similar. The difference is in the CSF; lymphocytes arc present 
and the glucose level is normal 

Chronic meningitis; Most often caused by bacteria or fungi, including 
Mycobacterium tuberculosis, Cryptocoecus neaformam , and treponema 
pallidum. Clinically, tile classic meningeal signs may not he present. The 
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CSF is characterized by significantly elevated protein, a mononuclear 
infiltrate, and a decreased glucose concentration. 

Brain Abscess 

Staphylococci and streptococci can cause brain abscess, which usually occurs 
in the cerebral hemispheres and begins as areas of softening (cerebrilis) that 
gradually liquefy. The lesions become isolated from the rest of the brain and 
contain green-yellow pus. Clinically, they present with fever, neurologic defi¬ 
cit, and increased cranial pressure. 

Viral Encephalitis 

Generalized infection of the brain parenchyma associated with viral infections 
(which can cause inclusion bodies). If the viral encephalitis is associated with 
leptomeningitis, it is designated as meningoencephalitis. Perivascular inflam¬ 
matory infiltrates are characteristic of most types of viral encephalitis. Local¬ 
ized aggregates of microglial cells (microglial nodules) are present and associ¬ 
ated with phagocytosis of neurons (ncuronophagia). A number of viruses can 
cause encephalitis. 

Arbovirus encephalitis: Arthropod-borne viruses (e.g, eastern and western 
equine encephalitis) cause these, most commonly in late summer. Progno¬ 
sis rs worse if it occurs at the extremes of age. 

I lerpcH simplex encephalitis (HSV I): Most common cause of sporadic 
viral encephalitis affecting the temporal lobes and orbital frontal area, 
causing hemorrhagic, necrotizing encephalitis. Treat with antivirals. 

CM V encephalitis: Associated with AIDS, Commonly affeds Ibe ependy¬ 
mal cells, 

HIV encephalitis: Can present shortly after seroconversion and is clini¬ 
cally indistinguishable from other forms of self-limited viral meningitis. 

Poliomyelitis (Polio) 

Poliovirus infection spread through the Cl route. Reproduces in lymphoid 
tissue before secondary vtremia spreads infection to the CNS, Mainly affects 
motor neurons of the anterior horn of the spinal cord. Clinical presentation is 
related to severity of infection. 

Mild disease: Viral syndrome (fever, malaise, emesis). 

Severe disease: Asymmetric motor paralysis with intact sensation during 
a febrile illness. Aseptic meningitis, urinary retention, and muscle spasm 
may also be seen. 

Vaccination: Inactivated polio virus (IPV) given in childhood stimulates 
circulatory antibody formation and secretory’ IgA antibody (blocks infec¬ 
tion via the GI tract). 

Oral polio vaccine (OPV): Rarely associated with paralytic poliomyelitis. 

Spongiform Encephalopathy 

A group of uncommon transmissible disorders that include Creutzfeldt-Jakob 
(CJD) and kuru. They are caused by “infectious" proteins called prions, 
which arc modified forms of normal structural proteins. Clinically, they pres¬ 
ent as rapidly progressive dementia accompanied by gait abnormalities and 
startle myoclonus, 

PrP gene: Hereditary cases are characterized by a mutant PrP gene that 
encodes a form of PrP that spontaneously changes to the structurally 
abnormal disease-causing protein at high rates. 

Spongiform change: The presence of vacuoles within the neuropil and 
cell bodies in gray matter. The hallmark of GJD. 
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Kuru plaques: Amyloid-rich deposits that may be encountered in sonic 
forms of spongiform encephalopathy. 

New-variant C]D: Newly recognized form associated with eating the tis¬ 
sues of cattle infected with bovine spongiform encephalopathy. T hese are 
dominated early in their course by behavioral and psychiatric problems. 

Progressive Multifocal Leukoencephalopathy (PML) 

A slowly evoh mg encephalopathy caused by the polvomn virus JC virus, and 
affects the immunocompromised (c.g.. AIDS). The virus infects oligodendro¬ 
cytes resulting in areas of demyelination. 

CNS Toxoplasmosis 

Toxoplasmosis causes areas of necrosis and a mononuclear infiltrate with 7avo- 
plasma gondii in the form of pseudocysts found at the margins of the necrotic 
areas. Frequently associated with AIDS. 


VASCULAR DISEASES 


More prominent in the elderly. 

Global Hypoxic-Ischemic Encephalopathy 

Global refers to the entire brain, hypoxia is decreased tissue oxygenation, and 
ischemia is decreased tissue perfusion. The causes include cardiac dysrhyth¬ 
mia, shock, and increased intracranial pressure. Symptoms range from tran¬ 
sient deficit to brain death. Morphologically, signs of necrosis arc present (no 
inflammatory reaction). 

Arterial border zones: Areas of the brain located at the junctions of arte* 
rial territories, and are susceptible to ischemic injury (the first areas to lose 
blood flow during hypotension). 

Laminar cortical necrosis: An irregular, linear zone of softening and dis¬ 
coloration in the cortical mantle, reflecting the vulnerability of specific 
layers of neurons to ischemic injury. 

Infarcts 

Caused by local interruption of blood flow (due to atherosclerosis or emboli), 
more common in men than women, and usually presenting in the seventh 
decade. Those caused by atherosclerosis (thrombosis) usually affect the inter¬ 
nal carotid arteries, while emboli typically affect the middle cerebral artery. 

Middle cerebral artery: Infarcts cause contralateral lie mi pares is and spas¬ 
ticity, loss of sensation, visual field abnormalities, and speech abnormali¬ 
ties (aphasia). 

Transient ischemic attacks (TIAs): Brief episodes (lasting from minutes 
to 2d hours) of neurologic dysfunction that represent self-limited vascular 
obstruction. They predict subsequent infarcts. 

Primary Brain Parenchymal Hemorrhage 

Bleeding into the brain is associated with chronic hypertension, coagulation 
disorders, vasculitis, and aneurysms. The peak age of incidence is 60 and il 
typically affects the basal ganglia. Grossly, a wclI-circumscribed hematoma is 
formed that can dissect through the brain parenchy ma and cause mass effects 
responsible for the presenting symptoms of severe headache, vomiting, and 
loss of consciousness. 









Charcot-Bouchard microaneurysms: Minute arterial aneurysms occur¬ 
ring in vessels less than 300 jam in diameter, most commonly in the basal 
ganglia. 

Vascular Malformations 

There arc four major types of vascular malformation, all of which can cause 
intracranial hemorrhage: arteriovenous (the most common), capillary telangi¬ 
ectases (punctate lesions of the pons and white matter), venous angiomas 
(thin, dilated veins in the spinal cord and meninges), and cavernous angiomas 
(thick-walled venous channels with dense fibrous stroma). 

Arteriovenous: Malformations are conglomerates of haphazardly arranged 
vessels of varying sizes, usually in the cerebral hemisphere, and are sup¬ 
plied by the middle cerebral artery. The most common clinical manifesta¬ 
tion is hemorrhage after the first decade of life. 


LEUKODYSTROPHY 


A group of disorders usually seen in infancy and childhood in which an intrin¬ 
sic defect interferes with the generation and/or maintenance of myelin (see 
Table 6-42). 

Metabolic Disturbances 
Wernicke-Korsakoff Syndrome 

Thiamine deficiency causes this syndrome and it is most commonly associ¬ 
ated with chronic alcoholics. 

Wernicke's Encephalopathy 

Characterized by fairly rapid onset of confusion, paralysis of extraocular mus¬ 
cles. and ataxia. If untreated, Korsakoffs psychosis may result. 


Korsakoff's Psychosis 

Characterized by an inability to either form new memories or retrieve old 
ones, often accompanied by confabulation. 

Subacute Combined Degeneration of the Spinal Cord 

Deficiency of vitamin Bi-. causes pernicious anemia and gliosis in the nervous 
system. Associated with the development of this disorder is a condition charac- 


table 6-42* Types of Leukodystrophy 
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Disorder 

Inheritance 

Metabolic Abnormality 

Metachroma tic 
leukodystrophy 

Autosomal recessive 

Arylsulfatase A deficiency 

Krabbe's disease (globoid 

Autosomal recessive 

G a fa etocere 6 ros ide B-ga facto side 

cell leukodystrophy) 


deficiency 

Adrenoleukod ystrophy 

X-Jinked and autosomal 

recessive 

Peroxisomal defect; elevated 
levels of very-long-chain fatty 


acids 
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terized by myelin vacuolation in the dorsal and lateral white matter columns 
of the spinal cord* 

Hepatic Encephalopathy 

Patients willi systemic derangement (like hepatic encephalopathy) also 
develop evidence of CNS dysfunction. In the brain* there is an increase 
in astrocytes related to the increase in ammonia levels due to poor liver 
function. 

As terms: I lepatic encephalopathy is characterized by altered levels of con¬ 
sciousness and a characteristic "flapping" tremor termed asterixis. 

Central Pontine Myeunolysis 

Condition characterized by deniyelination within the basis ponlis. Associated 
with patients who had hyponatremia corrected too rapidly. 
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BASIC DEFINITIONS AND CONCEPTS 


Gain 

Primary gain: What the symptom tloes for (lit* patient's internal economy. 
Secondary gain: Wliat the symptom gels the patient (attention). 



KEY FACT 


HypnaCOCic hallucinations occur 
while GOING to sleep. 

\- lypnOPampic hallucinations occur 
while waking UP from sleep. 



Olfactory hallucinations often occur 
as an aura before a seizure. 

Visual hallucinations are more 
commonly associated with 
medical disorders. 

Auditory hallucinations are most 
consistent with schizophrenia. 
Tactile hallucinations are common 
in delirium tremens (alcohol 
withdrawal) and in cocaine 
abusers (during intoxication). 


Disorders of Thought Processes 

Thought process describes how a patient puts his or her ideas together and 
communicates ihcm to olhers. Disorders in thought processes include: 

Illogical ideas. 

Thought blocking* 

Short a Mention span. 

Clang associations (i*e., speaking in rhyming words). 

Flight of ideas rapid succession of thoughts). 

Concretion: Patient has one-dimensional thought. 

Tangential thought: Patient gets lost on an abstract thought and loses the 
point of lhe original concept* 

Circumferential thought: Patient starts to gel lost, hut eventually returns to 
convey the original idea. 

Disorders of Thought Content 

Thought content is defined as the types of ideas that a patient expresses. Dis¬ 
orders include: 

Delusions: False beliefs dial are not shared by the general population. 
Phobias: Extreme yet irrational fear of a situation or an object. 

Obsessions: Intrusive and repetitive thoughts. 

Compulsions: Repetitive behaviors. 

Smcidal/homieidal thoughts. 

Poverty or overabundance of thoughts: Too few or too many ideas* 

Disorders of Perception 

Perception is I he process by which a person interprets and organizes internal 
and external sensations to produce meaningful experiences of his/her world. 
Disorders of perception occur when a patient misinterprets his/her environ¬ 
ment (see 'table 7-1). 


TA 8 L E 7 -1 . Definitions and Patient Scenarios of Disorders in Perception 


Symptom 

Definition 

Patient Scenario 

Illusion 

Misperception of real external stimuli. 

A woman who is outside in the dark thinks that the 
lawn chair is a tiger. 

Delusion 

False beliefs not shared by others. Maintained 
in spite of proof to the contrary* Usually fixed, 
unshakable, and present > T month. 

A man tells his doctor that his landlord is poisoning 
him with toxic gas. 

Idea of reference 

False belief of being referred to by others. 

A woman states that a radio show host is talking 
about her. 

Hallucination (visual, 
auditory, olfactory, tactile, 
gustatory) 

False sensory perception. 

A cocaine abuser feels bugs crawling under his skin 
("cocaine bugs"). 



























TABU 7-2. 

Mature Defense Mechanisms 


Defense 


Mechanism 

Characteristics 

Example 

Altruism 

Negative feelings about self alleviated by assisting 
other people. 

A man who has negative feelings about being abandoned by 
hts parents as a child works at an orphanage. 

Humor 

Focusing on the humorous aspect of an uncomfortable 
or adverse situation. 

A nervous patient jokes about an upcoming operation. 

Sublimation 

Replacing a socially unacceptable desire with an 
action that is similar, but is socially acceptable. 

A man who has violent thoughts decides to pursue a career 

as a butcher. 

Suppression 

Voluntarily pushing uncomfortable ideas or feelings 
out of the conscious mind. 

A student consciously chooses not to think about upcoming 
exams until a few days prior to the exams. 
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Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, Text 
Revision (D5M-IV-TR) Criteria 

In order to be diagnosed with any mental disorder, a patient lias to exhibit 
symptoms that conform to the criteria outlined in the DSM-1V-TR. Tlie crite¬ 
ria for the diagnosis of each mental disorder are determined by the American 
Psychiatric Associat ion. 

Defense Mechanisms 

Defense mechanisms are automatic and unconscious reactions to psycho¬ 
logical stress. They function by keeping conflicts out of the conscious mind, 
and subsequently help to alleviate potential anxiety caused In these conflicts. 
Defense mechanisms can be categorized as immature or mature {sec Tables 
7-2 and 7-3). Mature defense mechanisms reflect understanding or conscious 
awareness, whereas immature defense mechanisms arc characterized by the 
patient reverting hack to child-like actions in an attempt to handle psychologi¬ 
cal stress. 


PSYCHOTIC DISORDERS 


Psychosis is defined as a disconnect from reality in which patients experience 
delusions, hallucinations, and disordered thinking. It can he due to psychotic 
disorders or be caused by substance abuse nr illness. 



KEY FACT 


Schizophrenia 

A chronic mental disorder characterized by episodes of psychosis unci distorted 
behavior lasting >6 months. !l affects about \% of the population in all ethnic 
groups and countries studied. Genetic factors are likely contributors, with an 
increased rate seen in monozygotic twins. Three neurologic factors have been 
associated with some patients: 

Hyperactivity of dopaminergic, serotonergic, and noradrenergic systems, 
l ailargeiiienl of the lateral and third ventricles of the brain. 

Ah normalities of the frontal lobes. 


Gender differences in schizophrenia: 

Onset in males: 15-25 years; onset 
in females: 25-3 5 years. 

Men are less responsive to 
antipsychotic medications and 
show more social and cognitive 
deficits. 



























TABLE 7 - j . immature Defense Mechanisms 
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Defense Mechanism 

Characteristics 
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Example 

Acting out 

Unacceptable thoughts or feelings are expressed 
through attention-seeking actions. 

A 16-year-old whose parents are going through a divorce 
begins to skip classes. 

Dissociation 

Temporary change in memory, personality, or 
consciousness. 

A solider who witnessed the murder of a friend has no 
memory of the incident 

Denial 

Refusing to acknowledge the reality of a painful 
experience or situation. 

A woman refusing to believe that she was recently 
diagnosed with cancer. 

Displacement 

Placing an undesirable idea or feeling onto another 
person. 

A man who is angry at his boss comes home and yells at 
his children. 

Fixation 

Exhibiting characteristics of childish behavior. 

Adult men fixated with video games. 

Identification 

Unconsciously mimicking someone else's behavior 

An abused child grows up to abuse his own children. 

Isolation 

Exhibiting a lack of emotion associated with a 

stressful situation. 

A woman who witness a murder describes the incident 

with no emotion. 

Projection 

Attributing one’s own personally unacceptable 
feeling(s) onto another person. 

A woman who has desires to cheat on her husband is 

convinced that her husband is cheating on her. 

Rationalization 

Giving logical reasons for a negative situation in 
an attempt to convince self that the situation is a 
reasonable one; superficial insight. 

A man who did not get the job that he wanted told his 
friends that it was a good thing because it would have 
been a very stressful position. 

Reaction formation 

Replacing a personally unacceptable emotion with 
an opposite attitude. 

A woman who unconsciously resents her marriage 
constantly showers her husband with affection and gifts. 

Regression 

Regressing back to chi Id-like behaviors. 

A 10-year-old boy who recently moved to a new state 
began Id have enuresis. 

Splitting 

Labeling people or situations as bad or good. 

nHiH«iM»HMintiPwTin?tmutm»uiinniiiMtiHM«mt>IHIIilli*^illiiitf 

A patient believes that his doctor is a terrible person 
while his therapist is the most wonderful person in the 
world. 



KEY FACT 


Patterns with predominantly negative 
symptoms have a worse prognosis. 


Presentation 

Patients tlanonstmte psychosis and disordered thinking. These patients gener¬ 
ally have norma) memory and are oriented to person, place, and time. The 
symptoms are divided into positive and negative. Positive symptoms are 
thoughts, sensory perceptions, or behaviors in a person with a mental disorder 
that are not seen in the normal population (sec Table 7-4)* Negative symp¬ 
toms are thoughts, season' perceptions, or behaviors that are present in a nor¬ 
mal person but are absent in a patient with mental illness, 

Positive symptoms: 

Delusions: For example, feelings of being followed by the police, 

Loose associations: Patient starts talking about a topic completely unre¬ 
lated lo what he or she was talking about before. 

Strange behavior. 

Hallucinations: Hearing voices that are not really there. 
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table 7 * . Characteristics of Subtypes of Schizophrenia 


Subtype 

Characteristics 

Catatonic 

Motor disturbances with strange posturing, incoherent speech. 

Paranoid 

Delusions (e.g., persecutory) but better social functioning and best 
prognosis. 

Disorganized 

Inappropriate emotional responses (emotional blunting), disheveled 
appearance. Severe impairment and poor prognosis. 

Undifferentiated 

Multiple subtype characteristics. 

Residual 

One or more psychotic episodes, residual flat affect, withdrawal, odd 
behavior or thinking, but no severe psychotic symptoms. 

■ .—--..-.-.j-..—......—.....—..*.***............... 

Negative symptoms: 

Social withdrawal. 

Flat affect: Patient talks in a monotonous voice and does not show any 
emotion. 


1 ack of motivation* 


Thought blocking: Patient starts talking about a topic but stops in mid- 
sentence and is unable to continue with what hc/she was saying. 

Poverty of speech. 

DSM-IV-TR Diagnostic Criteria 

To be diagnosed with schizophrenia, two or more of the following symptom* 
have to be present fur at least 1 month: 

Hallucinations. 

Delusions. 

Disorganized speech. 

Negative symptoms. 

Disorganized behavior* 

Symptoms cause significant impairment in daily living. 

Symptoms arc not clue to any other medical condition or substance abuse. 

Treatment 

Antipsychotic agents (i.c., dopatninc receptor blockers) and psychosocial 
interventions (family, individual, and behavioral therapy)* 

Prognosis 

There is usually a chronic downward spiral over years with frequent noncom¬ 
pliance and repeating psychotic episodes. Suicide is common with > 50% 
attempting and 10% of those succeeding. 

Other Psychotic Disorders 

Psychosis, delusions, and/or hallucinations arc also seen in brief psychotic 
disorder, schizophreniform disorder, schizoaffective disorder, and substance- 
induced psychotic disorder (sec Table 7-5). 



KEY FACT 


Men are more likely to be impaired 
by negative symptoms, which leads 
to social decline. 




MNEMONIC 


The 5 As of schizophrenia: 

Autism: Lack of communication 
Affect is blunted 
Ambivalence 
Associations are loose 
Auditory hallucinations 



KEY FACT 


Positive symptoms respond well 
to traditional antipsychotics while 
negative ones respond better to 
atypical agents. 



tf the patient is not oriented or 
has memory deficits, consider a 
cognitive disorder (see section on 
cognitive disorders). 



KEY FACT 


Haloperidol decanoate is an 
example of a long-acting injectable 
medication that can be useful for 
noheomptiant patients. 
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The dexamethasone suppression 
lest can be used in the diagnosis 
of depression. Dexamethasone is 
a synthetic glucocorticoid that ads 
on the pituitary gland via a negative 
feedback loop to decease the levels 
of ACTH. However in some patients 
with depression, administration of 
dexamethasone does not lead to a 
decrease in ACTH. 




MNEMONIC 


Depressive symptoms ore SIC E 
CAPS: 


Sleep disturbances (e.g., hypersomnia 
or insomnia: early morning 
awakenings) 

Loss of Interests (i.e„ anhedonia) 

Guilt or feelings of worthlessness 
Loss of Energy 
Loss of Concentration 
Appetite changes/weight changes 
(usually decreased) 

Psychomotor retardation of agitation 
(i.e„ slowness or restlessness) 
Suicidal ideation 




MNEMONIC 


Manic symptoms are DIG FAST: 

Distractibility 

Insomnia (decreased need for sleep) 

Grandiosity 

Flight of ideas 

I n crea sed Act ivity/psyc h om oto r 
agitation 

Pressured Speech {non-stop flow of 
speech) 

Thou gh tfess n e ss/pl ea su re seek! n g 
Excessively elevated mood 
Decreased judgment 


TA B L E l - 5. Characteristics of Other Psychotic Disorders 


uitmajuumrii tern r ttf ■ i in n itllUtsFiiiranif is 

Disorder 

Characteristics 

Brief psychotic disorder. 

Similar symptoms to schizophrenia but fast < 1 month and 
are often preceded by stressful psychosocial events or factors. 

Schizophreniform disorder 

Same presentation as brief psychotic disorder but psychotic 
and residual symptoms Vast 1-6 months. 

Schizoaffective disorder. 

Schizophrenia with tnood disorder symptoms; see mood 
disorders. 

Substancednduced 
psychotic disorder 
(schizophrenic-like 
psychosis). 

«nmw>ffliiB8a«mu*iMti i u mmti titmcnw tupt 

Related to the use of stimulants, hallucinogens, or 
withdrawal from sedatives; usually visual or tactile 
hallucinations and delusions. 

| MOOD DISORDERS j 


Mood is defined as ones internal emotional state which is affected by inter¬ 
nal and external stimuli. Normal!) people have control over their moods, bill 
patients with mood disorders lose this control. Uncon I Tollable emotions cause 
significant distress for ill esc patients, and results in problems in their occu¬ 
pational and social lives. There are no ethnic differences in their occurrence 
but, due In disparities in health care availability, palicuts in lower socioeco¬ 
nomic classes often progress so far that they are misdiagnosed as schizophren¬ 
ics. The lifetime prevalence for major depressive disorder is about two times 
higher in women, while bipolar disorder is about equal across the sexes. 

There are several biological and psychosocial factors contributing to the 
etiology: 

i Altered ncuretransmitter activity (e.g. s depression is associated with 
decreased levels of serotonin, norepinephrine, and probably dopamine; 
bipolar disorders (i.e., mania) are related to increased norepinephrine 
levels). 

Lrmbic-hypolhabmiie-pihiitan-adrenal axis abnormalities. 

Presentation 

There arc several symptoms of both depression and mania. 

Diagnosis 

There are several categories of mood disorders with different diagnostic 
criteria. 

Depressive episode: Five of the symptoms described above in SIC K 
GAPS, including depressed mood or anhedonia, lasting for 2 weeks. 

Major depressive disorder: Recurrent depressive episodes {two or more), 
each lasting >2 weeks with a symptom-free episode lasting 2 months. A 
depressive episode is characterized by five of the symptoms described 
in the mnemonic SIC F CAPS, and must include depressed mood or 
anhedonia. 

Major depressive disorder with melancholic features: Severe depression 
with profound sad/ dysphoric mood. Associated with vegetative signs, 
agitation. 
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Bipolar 1 disorder: Characterized by episodes of both mania and depression: 
A manic episode is characterized hy elevated or irritable mood lasting 1 
or more weeks with three or more of the above criteria for mania. 

May he diagnosed following one manic or hypomanic episode. 

High rate of suicidal ity. 

Bipolar II disorder: Periods of hypcmiania (not as severe as mania —mood 
disturbance not severe enough to cause social or occupational impairment; 
no psychotic features) and depression. 

Dysthymic disorder: Mild depression most of the time for 2 years. These 
patients cry frequently. 

Cyclothymic disorder: Cyclic mood shifts between dysthymia (mild depres¬ 
sion) and hypo mania for at least 2 years. 

Seasonal affective disorder: Depression for at least 2 consecutive years 
during the same season and periods of depression are followed by nonde- 
pressed seasons. 

Treatment 

Major depressive disorder: Electroconvulsive therapy (ECT) is the pre¬ 
ferred treatment for patients refractory to other treatments. The patient 
must be hospitalized if he/she is a! a risk for suicide, homicide, or is unable 
to take care of self. Pharmacotherapy includes antidepressants (e.g,, SSRI, 
TCA, MAOl). Psychotherapy (i.e., behavioral therapy) has also been 
shown (o be effective in some patients. 

Bipolar 1 or 11 disorder: Medications for treatment of this disorder include 
lithium (a mood stabilizer), anticonvulsants, or antipsycliolies I i.e., olan¬ 
zapine), Psychotherapy and ECT have also been shown to he effective. 
Dysthymic disorder: The most effective treatment is insight-oriented and 
psychotherapy; however, antidepressants can also he used. 

Cyclothymic disorder: Similar to antimanic treatments used for bipolar 
disorders. 

Seasonal affective disorder: 1 ighl therapy, antidepressants, or psychotherapy. 


PERSONALITY DISORDERS 


There are 10 personality disorders that are categorized into y dusters (as 
defined by DSM-IV-TR) based on similar characteristics. 

Cluster A (mad or weird): Familial association with psychotic disorders 
(see Table 7-6). 

Cluster B [had or wild): Familial association with mood disorders (see 
Table 7-7). 

Cluster C (sad or worried); Familial association with anxiety disorders (see 
Table 7-8)* 

Personality disorder not otherwise specified (NOS): Passive aggressive 
personality disorder, sadistic personality disorder, sadomasochistic person¬ 
ality disorder. 

Personality- disorders are caused by patterns of enduring, inflexible, and mal¬ 
adaptive persona I it}' traits. These traits/disorders cause impaired social and/or 
occupational functioning. Patients are often unaware they suffer from the dis¬ 
order (ego-syntonic); therefore they do not seek psychiatric help and do not do 
well in psychotlicrapy. The pattern of disorder is usually established by adoles¬ 
cence and is associated with other complications such as violence, depression, 
psychotic episodes, and suicide. This disorder affects l(}%—20% ol the popnla- 
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MNEMONIC 


Schizoids avoid (avoid reality, 
and may daydream or be cold and 
introverted). 

Schizotypals are odd. magical 

TYPES 




MNEMONIC 


Symptoms of borderline 
personality: 

PRAISE 


Paranoid ideas 

Relationship instability 

Abandonment fears, anger outbursts 

Impulsiveness 

Suicidal gestures 

Emptiness 



KEY FACT 


Half of children with conduct 
disorder go on to have antisocial 
personality disorder as adults. 










TA b l E 7*S, Characteristics of Cluster A Personality Disorders 


Type and 

Example 

Etiology 

Clinical Symptoms 

iBHoiBtiiHBfHimyBniutitm 

Treatment 

Para nerd 

Small increased 

Distrust and suspiciousness; believe other are plotting to harm or 

Psychotherapy. 


risk in relatives of 

deceive them. 

Short* course 


schizophrenics. 

Quick to interpret events or remarks as threatening (sensitive) 
Emotionally distant. 

Differential: Paranoid schizophrenia; paranoid personality disorder 
patients do not have fixed delusions and are not psychotic 

antipsychotics to 
treat psychosis. 

Schizoid 

Increased risk in 

relatives of patients 
with schizophrenia 
or schizotypal 
personality 
disorder 

There is a theory 
that neglectful 
parenting plays a 

role* 

Voluntary social withdrawaf-*loners* Does not have nor desire dose 
relationships or sexual encounters. 

Chooses to engage in solitary activities, indifferent to others, avoid 
personal contact. 

Flattened affect and emotionally detached. 

Differential: Paranoid schizophrenia (no fixed delusions in schizoid 
personality disorder, and no frank psychosis). 

Differential: Schizotypal personality disorder (schizoid patients are less 
eccentric and do not demonstrate magical thinking). 

Psychotherapy. 

Schizotypal 

Increased risk 

Symptoms similar to schizophrenia but less severe. 

Psychotherapy. 


in first-degree 

Odd thought patterns, behavior, and beliefs. Magical thinking (not as 

Low* dose 

relatives of 
schizophrenics. 

severe as schizophrenics). 

Paranoid ideation. 

Ideas of reference. 

Inappropriate/constricted affect 

Lifetime suicide rate is 109b. 

Differential: Paranoid schizophrenia (schizotypal patients are not 
grossly psychotic). 

Differential: Schizoid personality disorder (schizotypal patients are 
more magical and eccentric, and schizoid patients avoid people, 
whereas people avoid schizotypal patients). 

antipsychotics. 
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KEY FACT 


tion and up to 50% of patients in the inpatient setting. The patient must be 
> 18 years of age to be diagnosed with a personality disorder 


in obsessive-compulsive personality 
disorder (OCPD) the symptoms 
are ego-syntonic (i.g„ behavior 
and thoughts are acceptable 
and consistent with how the 
patient views bim-/herseif), 
while in obsessive-compulsive 
disorder (OCD), the symptoms 
are egodystonic (i.e, the patient 
realizes that his/her behavior is 
unreasonable). 


Cluster A (Weird or Mad) 

Patients with cluster A personality disorders avoid social situations and are 
unable to develop meaningful relationships. 'They do not have psychotic 
symptoms and are often viewed as weird. 

Cluster B (Bad or Wild) 

Patients with cluster B personality disorders exhibit emotional lability. They 
arc dramatic, emotional, unstable, and have a higher incidence of substance 
abuse. They arc often seen as "bad” or "wild," Cluster B personality disorders 
are often familial, and have a genetic association with mood disorders. 






















TABLE 7*7, Characteristics of Cluster B Personality Disorders 
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Type 
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Etiology 

Conical Symptoms 

Treatment 

Borderline 

Five times more 

Forms intense but unstable relationships. 

Psychotherapy. 


common in first- 

Fear of abandonment 

Group therapy. 


degree relatives of 

Impulsive. 

Dialectical behavioral 


borderline patients. 

Feelings of emptiness or boredom and unstable sense of 

therapy. 


Increased risk in 

self. 

Cognitive-behavioral 


relatives of alcoholics 

Unable to control anger, impulses. 

therapy. 


and patients with 

Suicidal gestures (no intent to commit suicide, but may 

Low-dose anti psych otics 


mood disorders- 

dangerously take gestures too far). 

or antidepressants (avoid 


Sexual or physical 

Self injury (e.g. P cutting of arms). 

benzodiazepines because 


abuse could play a 

Splitting (i,e. # alternating between extremes of idealization 

of abuse potential). 


rote. 

and devaluation). 

Medications are more 


Childhood neglect 

Differential: Schizophrenia, mania (borderlines are not 

effective in borderline 


and abuse can be 

frankly psychotic). 

disorder than any other 


predisposing factors. 


personality disorder. 

Antisocial 

Increased risk in 

Does not conform to societal laws (has criminal behavior). 

Control of behavior 


relatives of patients 

Disregard for rights of others. 

(prison or psychiatric 


with antisocial 

Remorseless, reckless. 

hospital). 


personality disorder 

Deceitful, aggressive, and impulsive. 

Psychotherapy. 


Violent, criminal 

Fire setting, animal cruelty, enuresis. 

Caution with medications 


environment leads 

Differential: Drug abuse (important to consider which 

because of high addiction 


to greater risk of 

comes first, because behavior may be attributable to 

potential in these 


developing antisocial 
disorder. 

Begins in childhood 

as conduct disorder. 

addiction). 

patients. 

Narcissistic 

Not known. 

Exaggerated sense of self-worth and entitlement Willing to 
exploit others for personal gain. 

Arrogant, demands attention. 

Lack of empathy for others. 

Low self-esteem underlies outward inflated sense of self. 
Differential: Antisocial personality disorder (both exploit 
others, but narcissistic patients want status versus antisocial 
patients want material gain or subjugation of others). 

Psychotherapy. 

Histrionic 

Genetic link to 
antisocial personality 
and somatization 

disorder. 

Need to be the center of attention. Psychotherapy. 

Inappropriately seductive and flirtatious (use physical 
appearance to attract attention). 

Considers relationships to be more meaningful than they 
really are (assumed intimacy). 

Unable to maintain intimate relationships. 

Defense mechanism of regression, an immature defense 
in which the person returns to an earlier libidinal phase in 

order to avoid conflict. 

Differential: Borderline personality disorder (those with BPD 
are more likely to be depressed or commit suicide, and 
histrionic patients are more functional). 





































table 7 -8 ■ Characteristics of Cluster C Personality Disorders 
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Type Etiology 

Clinical Symptoms 

Treatment 

Avoidant Not 

Extreme fear of humiliation and rejection from others which leads them to 

Psychotherapy. 

known 

avoid interpersonal contact. 

Systematic 


Feels inferior to others. 

desensitization. 


Differential: Schizoid personality disorder (schizoids have no desire for 

Cognitive therapy. 


companionship). 

[1-Blockers to 


Differential: Social phobia situations are scary because of embarrassment 

control anxiety 


versus avoidant patients; Interpersonal contact is scary because of fear of 
rejection. 

Differential: Dependent personality disorder (both ding to relationships; 
however, avoidant patients are slow to get involved, but dependent patients 

symptoms. 


aggressively seek new relationships). 



Dependent Not 

known 


Extreme need to be dependent on others for emotional support. 

Unable to make own decisions (need advice and assurance from others). 
Poor self-confidence. 

Fear of being deserted or alone. 

May tolerate abuse by a partner to avoid the situation of being left alone. 
Differential: Avoidant personality disorder. 

Differential: Borderline and histrionic personality disorders (both are 
dependent on other people, with dependent patients having long-1 a sting 
relationships, versus borderline or histrionic patients, who cannot maintain 
lasting relationships). 


Psychotherapy. 

Assertiveness 

training. 

Croup therapy. 
Cognitive therapy. 


Obsessive Not 

compulsive known 

personality 
disorder 


Perfectionism, attention to detail. 

Hinder ability to complete tasks. 

Devoted to work. 

Inflexible, 

"Pa ckrat" 

Cold and rigid in intimate relationships. 

Differential: OCD (OCD patients have recurrent obsessions or compulsions 
and are ego dystome). 

Differential: Narcissistic (both are assertive and high achievers, but NPD 
patients are motivated by status, while OCD patients are motivated by work 
itself)* 
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Psychotherapy. 
Cognitive therapy. 
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KEY FACT 


Schizoid patients avoid social 
interaction because they have 
no desire for such interactions. 
Avoidant patients want to have 
social interactions but their extreme 
fear of social humiliation prevents 
them from having any kind of social 
interaction. 


Cluster C (Sad or Worried) 

Patients with cluster C personalih disorders appear fo be anxious and are fear¬ 
ful. There is a genetic association with anxiety disorders. They are often seen 
as “worriers/' 


ANXIETY DISORDERS 


Anxiely is defined us u state of apprehension, terror, and fear in response to an 
external threat. 

Anxiety becomes pathologic when; 

Reaction is out of proportion to the severity of the threat. 

Anxiety interferes with daily living. 


m 
























FLASH BACK 


Anxiety disorders are common, with a prevalence of 50 % in women and 19% 
in men. 

Panic Disorder With or Without Agoraphobia 

The defining feature of panic disorder (PD) is unexpected and recurrent epi¬ 
sodes (twice or more per week) of panic attacks that develop abruptly and last 
- 50 minutes (reaching a peak in 10 minutes), t here is a strong genetic com¬ 
ponent; first-degree relatives of patients with PD have a four to eight times 
greater risk of developing PD. Patients with PD have deregulation of the 
autonomic nervous system, CNS, and cerebral blood flow. 

Panic Attacks 
Presentation 

Shortness of breath 

Chest pa in/discomfort 

Pal pi tations/incrcased heart rate 

Sweating, shaking 

Nausea/abdominal discomfort 

Feelings of choking, going crazy, losing control, or dying 

Constantly afraid of having additional attacks 

Numbiic Wangling 

Chi Iks/hot flashes 

Light-hcadedncss 

Depersonalization 

DSM-IV-TR Diagnostic Criteria 

Rectirren! panic attacks occur in which the trigger is not known. The patient 
experiences at least one of Cite following for I month: 

Constant worn'about having additional attacks. 

Very concerned about the implieaHons/consequences of attacks (e.g., 
"going crazy " losing control). 

Daily functioning has been severely affected by symptoms. 

Agoraphobia 

PD can occur with or without agoraphobia. Agoraphobia is extreme fear of 
being in a place where escape is difficult Both PD with and without agora¬ 
phobia are more common in women, with average age of onset of 25, The 
condition is chronic and attacks can he triggered by psychological stressors. 

DSM-IV-TR Diagnostic Criteria 

Great anxiety about being in a situation where escape is difficult in the event 
of a panic attack. The patient avoids the situation, endures it with great anxi¬ 
ety, nr needs someone to accompany them. Symptoms arc not attributed to 
another mental disorder. 

Treatment 

Behavioral therapy: 

Relaxation techniques 

Cognitive-behavioral therapy (ix\, exposiire/desensitizatimi therapy) 
Psychotherapy 

Pharmacotherapy: 

Antidepressants: SSRI, TCA, or MAO I (an SSRI is first-line treatment 
for agoraphobia) 

Benzodiazepines 



Anxiety involves the amygdala and 
is associated with increased activity 
of norepinephrine and decreased 
activity of CAtiA and serotonin. 



KEY FACT 


Many of the symptoms of panic 
attacks are similar to those of 
myocardial infarction (Ml) and the 
possibility of Ml has to be ruled out. 
If the symptoms are due to a panic 
attack, the patient's ECG and cardiac 
enzymes will be within normal limits. 




MNEMONIC 


Criteria for panic attack: 

PANIC 

Palpitations 
Abdominal distress 
Numbness, nausea 
Intense fear of death 
Choking, chills, chest pain 



KEY FACT 


Patients with PD with or without 
agoraphobia also have a higher risk 
of developing depression, substance 
abuse, phobias, and OCD. 







KEY TACT 


Start an SSRI at a low dose and 
slowly increase the dose lo prevent 
activation side effects of SSRIs, 



KEY FACT 


Social phobia is fear of 
embarrassment in a certain setting, 
while avoidant personality disorder 
is an overall fear of rejection and 
sense of inadequacy. Patients can 
have both disorders concurrently. 



KEY FACT 


Phobias are ihe most common 
mental disorder in the United Stales 
(5%-10°/[i of the population is 
affected). 



KEY FACT 

t_ 


For patients under 18, symptoms 
must persist for more than 6 
months. 


Phobias (Social and Specific) 

Social phobia is an extreme fear of social situations in which an individual 
has to interact with unknown people or is subject to scrutiny by others, finis 
resulting in embarrassment or humiliation, The most common types of social 
phobia are public speaking and public washroom use* Social phobia occurs 
equally in males and females. 

Specific phobia is the most common mental health problem and is charac¬ 
terized by an extreme but irrational fear of a specific object or situation. The 
object or situation that elicits the fear can be categorized into: 

Situational (c.g., closed spaces) 

Animal/insect/environmeni le.g., cats, spiders, heights) 

Other (c.g., injections, blood) 

Women are twice as likely then men lo have specific phobias. 

Roth social and specific phobias may have a genetic component since they 
tend to run in families. Specific phobias may be connected to a traumatic 
event. Overproduction of adrenergic neurolransmiltcrs may also be a contrib¬ 
uting factor. 

DSM-IV-TR Diagnostic Criteria 
Social phobia: 

Intense fear that is triggered by social situations in which the patient 
might be humiliated or embarrassed. 

The anxiety response is immediately elicited by the situation. 

The patient is aware that his or her reaction is excessive. 

The patient goes to great lengths lo avoid the situation. 

Specific phobia: Symptoms are similar to those of social phobia, with 
the exception that intense fear is triggered by a specific object or situation 
(e.g. t fear of spiders [arach nophobia]). 

Treatment 

Social phobia: 
h SSRI (paroxelinc) 

[i-Btockers (for acute situations such as public speaking) 
Cognitive-behavioral therapy 
Specific phobia: 

u Cognitive-behavioral therapy (i.e M cxpostuS/descnsitization therapy) 

Obsessive-Compulsive Disorder 

Obsessions arc persistent and recurrent thoughts that cause great anxiety in 
which the patient tries to eliminate the anxiety by doing a certain action. The 
patient realizes that the thoughts are a product of his/her mind and that the 
response lo these thoughts is exaggerated (i.e., ego-dystonic)* 

Compulsions arc repetitive and rigid actions that arc done by the patient in 
an attempt to eliminate anxiety. The actions arc not in any way connected in 
a realistic way to their anxict)-triggering thoughts. 

The prevalence of OCD is and affects men and women equally. 

First-degree relatives of patients with I burettes disorder have a greater risk of 
developing OCD. Genetics, psychosocial factors, and an imbalance in sero¬ 
tonin levels all contribute to OCD, It is also thought that there is a psycho- 









social aspect lo OCD. In 60 % of patients, the symptoms are triggered by a 
stressful situation. 


KEY FACT 


DSM-IV-TR Diagnostic Criteria 

Symptoms of obsession or coni pulsion as defined above. 
Symptoms are ego-dystonie. 

Daily living is severely affected by the disorder 


■ 

Patients do not need to have both 
obsessions and compulsions to be 
diagnosed with OCD, but 75% of 
OCD patients have both obsessions 
and compulsions* 


Treatment 

Cognitive-behavioral therapy: Exposure and response prevention (i.t\, the 
patient is exposed to the situation* which elicits anxiety* and hc/slie is thus 
prevented from doing live corresponding action that alleviates the anxiety, 
and is laugh) relaxation techniques lo ease anxiety). 

Pharmacotherapy: SSRI (first-line treatment); TCA (clomipramine). 


Generalized Anxiety Disorder 

Patients with generalized anxiety disorder (GAD) experience excessive anxi¬ 
ety about various aspects of their daily lives, causing severe impairment of 
their daily activities. GAD, often described as “free-floating anxiety,” is ven 
common and has a prevalence of -H/f, If affects women more then men (2:1) 
and onset of symptoms often occurs before age 20, The etiology is not well 
defined, but it is believed that genetics and psychosocial factors phn a role. 

DSM-IV'TR Diagnostic Criteria 

Excessive anxiety about various aspects of life. 

Symptoms have to he present for more than fi months and severely affect 
daily life. 

The patient is unable to ease the anxiety. 

The anxiety has to be accompanied bv al least three ol the following: 
Keeling of being on edge 
Easily fatigued 
Difficulty concentrating 
Easily irritable 

Sleep disturbance the., difficulty falling asleep, restless sleep) 
if Muscle tension 


Treatment 

Cognitive-behavioral therapy 
Pharmacotherapy: 

Benzodiazepines (short-term and low-dose) 

Buspirone 

SSRIs 

Venlafaxinc (extended-release \ 

Patients should be started first on benzodiazepines and then switched to 
Buspirone to avoid dependency; however, buspirooe lakes 2 weeks lo start 
working, 

Post-Traumatic Stress Disorder 

Past-traumatic stress disorder (PTSD) occurs in individuals who have experi¬ 
enced or witnessed a life-threatening situation and they continue to relive the 
memories of this experience. They commonly avoid anything that reminds 
them of the experience. Some patients become emotionally detached and 
have a restricted affect. The trauma experienced bv males usualh is related 
to combat while that of women tends to be due to physical or sexual abuse. 





KEY FACT 


Patients with PTSD are at a greater 
risk for developing depression and 
substance abuse. 



FLASH BACK 
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Primary gain: Patient is unable to 
externally deal with a psychological 
conflict and thus expresses it 
unconsciously as somatic symptom. 
Secondary gain: Patients assume the 
sick role for psychological gain (e,g. P 
increased attention from others). 



KEY FACT 


It is very important to rule out any 
medical causes of these complaints. 


PTSD can be preceded by acute stress disorder. Acute stress disorder is char¬ 
acterized by anxiety symptoms occurring within l month of the trauma and 
the symptoms tasting for < I month. If the symptoms last > I month, then the 
patient is diagnosed with PTSD. 

DSM-fV-TR Diagnostic Criteria 

The patient witnessed or experienced a situation in which he/she felt 
that his/her life or the lives of others were threatened, and this experience 
brought about feelings of extreme fear and helplessness. 

Patient continually relives the experience in one of the following ways; 
Recurrent and intrusive thoughts 
Dreams 

Objects or situations that symbolize or resemble an aspect of the Iran* 
malic experience 

'the patient goes to great lengths to avoid anything that will trigger the 
anxiety. 

Emotionally detached/restricted affect. 

Signs of increased arousal (i.e., difficulty falling or staying asleep or con¬ 
centrating; irritable; inappropriate outbursts of anger), 
i )aily functioning is severely affected bv anxiety. 

Symptoms present for at least 1 month. 

Treatment 

Therapy: 

Exposure therapy (treatment of choice) 

Relaxation techniques 
Support groups 
Psychotherapy 
Pharmacotherapy: 

SSRI 

MAOl 

TCA (iinipmmine and amitriptyline) 

Benzodiazepines (for acute attacks) 

Anticonvulsants (for nightmares and flashbacks) 


SOMATOFORM DISORDERS 


These are characterized by physical symptoms for which there are no med¬ 
ical explanations (see Table 7-9). These disorders are thought to be uncon¬ 
scious expressions of unacceptable feelings. Although the physical symptoms 
are brought on by psychosocial factors, patients believe that their symptoms 
are medical in nature. There is primary and secondary gain associated with 
the somatic symptoms but patients are unaware of the gains and do not con¬ 
sciously seek them out. Except for hypochondriasis, somatoform disorders arc 
more likely to affect women (see I able 7-10 ). Up to 10% of primary care visits 
may be attributed to somatoform disorders. 

Somatization Disorder 

Patients have numerous doctor visits complaining of recurrent and multiple 
physical complaints that significant!) affect their daily lives. Their physi¬ 
cal symptoms are related to multiple organ systems hut have no underlying 
organic pathology. This is a chronic and potentially lifelong disorder in which 
the symptoms can worsen when the patient is exposed to certain stressors. 








TABLE 7-9, Key Characteristics of Somatoform Disorders 
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Type of Somatoform 


Disorder 

Key Characteristics 

Buzzwords 

Somatization disorder 

physical symptoms related to multiple organ systems, which cannot be explained 
medically. 

Numerous visits to the doctor. 

No cure. 

Multiple organ 

systems. 

Conversion disorder 

Acute onset of neurologic symptoms brought on by a stressor with no identifiable 
organic cause. 

Patient is not concerned about the condition. 

Tend to recover spontaneously. 

Neurologic 

symptoms. 

Hypochondriasis 

Convinced that he or she has a severe disease. 

Unsatisfied by assurance of his or her physician. 

Visits many different physicians. 

A particularly 
severe disease. 

Body dysmorphic 
disorder 

Patient is obsessed about a perceived physical flaw. 

Try to fix with make-up or plastic surgery, but is usually unsatisfied with the results. 

Perceived physical 
imperfection. 


Pain disorder Pain at more than one site that begins abruptly. Medically 

Pain cannot be explained medically. unexplained pain. 
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Females have a 5 to 20 times greater risk of developing a somatization disorder 
compared to males. There is also a greater prevalence in low socioeconomic 
groups. 

Somatization disorder ha* a genetic basis, and there is a 50% concordance 
rate in monozygotic twins. In addition, first-degree female relatives have 



KEY FACT 


Half of patients with somatization 
disorder also suffer from another 
mental disorder. 


table 7-io. Comparison of Somatoform Disorders 


Disorders Level of Awareness Type of Gain Cause of Physical Symptoms 


Somatization 

Unaware, 

Primary and 
secondary 

Physical symptoms are brought on by psychosocial factors. 

Patient truly believes that symptoms have a medical basis. 

Factious 

Aware. 

Primary 

Symptoms are not real. 

Patient complains of vague symptoms that do not have a medical 
explanation. 

Munchausen 

Aware. 

Primary 

Symptoms are not real or are real but fabricated. 

Patients induce symptoms in different ways (e.g., take insulin to 
produce hypoglycemia or add blood to urine}. 

Munchausen 
by proxy 

Patient is unaware, but 
the caregiver may be 

aware. 

Primary 

Symptoms are not real or are real but fabricated. 

Caregivers induce symptoms in different ways (e,g., deliberately 
make a patient sick or mix feces into urine), 

Malingering 

iiuMMiiituHiu iimfiuitlli 

Aware. Tangible gain Symptoms are not real. 

(e.g., monetary) Patients pretend to have symptoms (e.g., walk around on crutches 

and pretends that he/she has an injured leg). 
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a greater chance of developing somatization disorder than the general 
population. 

DSM-IV-TR Diagnostic Criteria 

At least two GI symptoms. 

At least one neurological symptom. 

At least one symptom that is sexual or related to the reproductive system. 

At least four pain symptoms. 

Onset before the age of 30 years. 

There is no organic cause of the symptoms. 

Treatment 

Patients truly believe (hat there is an organic cause for their symptoms and 
thus feel the need to see their doctors and are resistant to seeing a psychiatrist. 
As a result, the best way to "treat” such patients is to allow them to see their 
doctors, hot secondary gain should he minimized. Great caution should be 
used when prescribing medications. Psychotherapy, hypnosis, and relaxation 
techniques have been shown to be helpful in some patients. 


Conversion Disorder 

Patients have either sensors' or motor symptoms (most often effecting sen- 
son 1 organs of voluntary muscles) that are suggestive of a neurologic deficit. 
Patients may appear to have an inappropriate lack of concern regarding their 
symptoms (i.e., la belle indifference). Workup anti physical exam will be 
negative. 



KEY FACT 

i_ 


Levels of serum lactate can be used 
to differentiate a real seizure from 
a pseudoseizure: Serum lactate is 
elevated after a seizure but not after 
a pseudoseizure. 



KEY FACT 


Many patients with conversion 
disorder also suffer from other 
mental disorders such as 
depression, anxiety disorders, and 
schizophrenia* 


Presentation 

Neurologic symptoms include: 

Blindness 
Paralysis 
Paresthesias 
Pscudoseizures 
ii Mutism 

Globus hystericus (i.e., feeling of a lump stuck in the throat) 

The onset of symptoms is usitalh brought on by psychological stressors* 
Unlike somatization disorders, patients with conversion disorder appear to be 
unconcerned about their condition* Conversion disorder is common but it 
affects w omen two to five limes more then men. ll is more common in people 
of low socioeconomic status, unsophisticated young adults, and in people who 
"doctor shop/’ Onset of symptoms can occur at any age hut often appear in 
adolescence or early adulthood. 

DSM-fV-TR Diagnostic Criteria 

One or more neurologic symptoms that cannot be explained medically. 
Identifiable psychological stressor that led to the onset of symptoms* 
Symptoms are not intentional. 

Daily living is severely impaired hv symptoms. 

Symptoms are not caused by other mental disorders* 


Treatment 

Most patienls will recover w ithout anv therapy. However, insight-oriented psy¬ 
chotherapy, relaxation techniques, and hypnosis have all been shown to be 
effective in some patients. 
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Hypochondriasis 

Patients have a constant and exaggerated concern that they have a serious dis¬ 
ease. Normal physical findings are misinterpreted by these patients to be signs 
of severe medical illness. While hypochondriacs constantly worry that they 
have a serious illness* some patients with OCD constantly worry dial they will 
catch an illness, 

Presentation 

Patients believe they might be suffering from a serious disease through misin¬ 
terpretation of normal physical symptoms. They arc convinced that they have 
a serious illness and arc not reassured by their doctors. As a result* they visit 
many different physicians to get different opinions. Symptoms can he exagger¬ 
ated at times of stress. The average age of onset is 25 years and both women 
and men are equally affected, 

DSM-IV-TR Diagnostic Criteria 

Constant and exaggerated concern of a serious illness. 

Hie concern persists despite a normal medical evaluation. 

Symptoms are present for 6 months or more. 

Treatment 

There is no cure and patients arc often resistant to seeing a psychiatrist. The 
best way to deal with these patients is to schedule frequent visits to I licir pri¬ 
mary care doctor. 

Body Dysmorphic Disorder 

An obsession with a perceived imperfection of a body part. While the imper¬ 
fection is minimal or imaginary, patients feel very self-conscious and spend an 
excessive amount of time trying to correct the perceived ini perfection* either 
through make-up or plastic surgery. Women arc more likely to develop ibis 
disorder than men. The onset of symptoms usually begins in niidadolesccnce. 

DSM-iV-TR Diagnostic Criteria 

Obsession about a perceived flaw of a body part that causes great distress. 
Daily living is severely affected. 

Treatment 

Although patients use make-up or plastic surgery to correct their perceived 
imperfection, they are usually not satisfied with the results and continue to 
be preoccupied with their flaw. Fifty percent of patients respond favorably to 
SSKIs (fluoxetine)* 

Pain Disorder 

Patients with pain disorder complain of severe pain that cannot be explained 
medically. Affects those 50-40 years of age* 

The onset of pain occurs abruptly and increases in severity during the first few 
months. This disorder can be categorized as acute (< 6 months) or chronic 
(> ft months). Women are twice as likely then men to have pain disorder. The 
average age of onset ranges from 50 to 50 years. 

Etiology 

Psychosocial and genetic influences. Incidence is higher in first-degree 
relatives. 



KEY FACT 


Eighty percent of patients also suffer 
from major depression or an anxiety 
disorder. 



KEY FACT 


Patients with this disorder also 
suffer from major depression 
(90%), anxiety disorder (70%), and 
psychotic disorder (30%). 



KEY FACT 


Hypochondriasis is when patients 
feel they have a specific 
disease. 

Body dysmorphic disorder is when 
patients feel a body part is 
abnormal. 

Body image disturbance is when 
patients feel their whole body is 
abnormal. 



KEY FACT 


Patients with pain disorder have 
higher incidence of coexisting major 
depression, anxiety disorder, and 
substance abuse. 









DSM-tV-TR Diagnostic Criteria 

Pain at one or more sites. 

Pain cannot be explained medically. 

Pain causes great distress. 

Pain is associated with psychological factors. 

Treatment 

1’ransicnt nerve stimulation, biofccdback, hypnosis, psychotherapy, and SSRis 
have been shown to help with symptoms. 


FACTITIOUS DISORDERS 



FLASH BACK 


Primary gain: What the symptom 
does to improve the patient's 
interpersonal, social, or financial 
situation, 


Pnlicnts deliberately (consciously) produce a medical or psychological symp¬ 
tom with the sole purpose of assuming a sick patients role. There is primary 
gain associated with this disorder. 

There is a higher incidence in males and in health care workers. The most 
common symptoms presented include hallucinations, depression, abdominal 
pain, seizures, and hematuria. 


Some patients have a history of child abuse or neglect which could lead to 
impaired sexual adjustment and a poor sense of self /Vs a result, these patients 
feel the need to play the role of a sick patient to fulfill his or her need to be in 
a comforting and safe environment (i,e,, hospital). 


Diagnostic Criteria 

Patient presents with a medical or psychological disorder that was deliberately 
produced with the intention of assuming a sick role. There are no associated 
monetary incentives. 


Treatment 

There is no treatment. Primary- care physicians should avoid doing any 
unnecessary medical procedures and maintain a good relationship with these 
patients. 


Related Disorders 
Munchausen Syndrome 

A form of factitious disorder predominated by physical symptoms. Patients 
have very specific demands (e.g., demand certain types of medications) and 
arc experienced at producing certain symptoms (e.g. f takes insulin to achieve 
a hypoglycemic state; mixes Feces in with urine). 


Munchausen Syndrome by Proxy 

Another form of factitious disorder in which symptoms are deliberately pro¬ 
duced! n another person (e.g., usually a child). It is considered to be a form of 
abuse, though the motivation is often unconscious. 


MALINGERING 


Unlike factitious disorders, in which external incentives (e.g,, monetary 
incentives) are not the primary 1 motivator of the patient’s actions, patients who 
malinger intentionally produce physical or psychological symptoms for exter¬ 
nal gains. They often complain of vague symptoms that duly improve after 










they have achieved their desired purpose. Like factious disorders it is more 
common in men then women. 


KEY FACT 
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EATING DISORDERS 


Patients have a distorted body image and use different methods to try to 
achieve their perceived ideal body image* The etiology oi eating disorders is 
nuiUifadorial and includes social (e.g„ culhiral/occupational), biological (U\ r 
genetic), and psychosocial (e.g., sense of lack of control over aspects of life err 
history of sexual abuse) factors. Eating disorders are categorized into three cat¬ 
egories: Anorexia nervosa, bulimia nervosa, and binge eating. 

Anorexia Nervosa 

Characterized by an obsession w ith staying thin. Patients think that they are 
overweight even though they are underweight and they restrict their eating or 
binge cat to achieve their “ideal" weight (see Tabic 7-11). 

Anorexic patients are placed into two categories based on their predomi¬ 
nant method of achieving weight loss: Restrictive and hinge eating/puiging. 
Patients who arc restrictive anorexics starve themselves and exercise vigor¬ 
ously. Binge catiug/purging anorexic patients binge* then use purging, laxa¬ 
tives, or diuretics to help them lose weight. They also exercise excessively. 
Anorexia nervosa affects 4 % of adolescents and young adults, and women are 
10-20 times more at risk then men. Average age of onset is 20 years. Genetics, 
social, and psychosocial factors all contribute to the onset of anorexia nervosa. 


Malingering is associated with 
tangible gam (e.g., monetary 
reward), while factitious disorders 
are associated with psychological 
gain (he., feelings that come with 
being a patient). 



KEY FACT 

l_ 


Anorexic patients tend to be 
underweight {15% below normal 
weight), while bulimic patients 
maintain a normal weight. 


DSM-tV-TR Diagnostic Criteria 

Distorted bodv image (thinks he/she is Ini even though underweight). 
Body weight > 15% below normal. 

Obsession about gaining weight 
Amenorrhea* 


Associated Mental Disorders 

The restrictive type of anorexia nervosa is associated with obsessive-compul¬ 
sive traits and many of these patients arc socially withdrawn. Major depres¬ 
sion and substance abuse arc associated with the binge ealiug/purgjng type of 
anorexia nervosa. 


TA 0 L E 7-11. Differences between Anorexia Nervosa and Bulimia Nervosa 
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Anorexia Nervosa Bulimia Nervosa 
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Weight Underweight {> 15% Below Normal) Normal Weight 


Characteristics Restrictive type: Starve and exercise vigorously Purging type: Similar to binge eating type of anorexia. 

Binge eating/purging type: Binge then purge or use Nonpurging type: Fast or exercise excessively 
laxatives/diuretics. 


Mortality and Mortality - 10%. Better prognosis then anorexia nervosa, 

prognosis 

Ego-dystonic or Ego-syntonic* Ego-dystonic 

ego-syntonic 
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Medical Complications 

Medical complications that arc associated with this disorder include: 
Amenorrhea 

Electrolyte abnormalities (hyperkalemia, hypochloremia, alkalosis) 
Hypercholesterolemia 

Cardiac abnormalities (arrhythmias, cardiac arrest) 

Melanosis coli (due to laxative abuse) 

Leukopenia 

Osteoporosis 

Treatment 

If body weight is > 20% below ideal body weight, treatment includes inpa¬ 
tient monitoring of weight gain. Behavioral and family therapy have also been 
shown to be beneficial. Due to the high association with major depression, 
antidepressants should also be prescribed. 

Prognosis 

This disorder lias a variable course. Some patients have complete recovery 
while others will have relapses or get progressive!)' worse. Mortality rate is 
- 10% due to suicide, starvation, or electrolyte disturbances. 



KEY FACT 


Some bulimic patients who self- 
induce vomiting exhibit Russell's 
sign, which is abrasions and scars 
on the back of the hands due to 
manual attempts to induce vomiting. 



KEY FACT 


Bulimic patients are ego-dystonie, 
unlike anorexic patients, and are 
thus more likely to want and seek 
help. 



FLASH BACK 


Vomiting may lead to hypokalemia, 
hyponatremia or hypernatremia, and 
metabolic alkalosis. Diarrhea leads 
to similar electrolyte disturbances as 
welt but causes metabolic acidosis. 


Bulimia Nervosa 

Bulimic patients have a distorted body image but usually maintain normal 
body weight. Dinging episodes are followed by vomiting, excessive exercise, 
or use of laxatives or diuretics. Patients can be categorized into two subtypes: 
Purging and nonpurging. Purging bulimic patients predominantly engage 
in sdf-iudnced vomiting or use of laxatives or diuretics, while nonpurging 
patients exercise excessively or eat little to prevent weight gain. This disorder 
affects 3 % nl adolescents and young adults and is more common in women 
than in men. Bulimia nervosa is associated with mood disorders, impulse con¬ 
trol disorders, and substance abuse. 

Presentation 

Medical complications associated wilh bulimia nervosa include: 

Electrolyte abnormalities (hyperkalemic alkalosis, hypochloremia). 

Cardiac abnormalities (arrhythmias). 

Dental erosion and reddened knuckles (Russell's sign from self-induced 
vomiting). 

1 lyperfrophy of salivary glands. 

DSM-IV-TR Diagnostic Criteria 

Episodes of binge eating (i.e., excessive eating within a 2-hour period asso¬ 
ciated with a feeling of losing control). 

Binge eating is followed by self-induced vomiting, excessive exercising, or 
inappropriate use of laxatives or diuretics. 

Symptoms occur at least two times a week for 3 months. 

The way in which the patient perceives self is defined by weight 

Treatment 

Includes psyehotberapv (both individual and group), cognitive-behavioral 
therapy, and antidepressants (SSKI, TCA). 






Prognosis 

Bulimic patients tend to have a boiler prognoses than anorexic palients. 
Patients who have onset before age t S and are able to maintain a healthy body 
weight (or 2 years after onset have better prognoses than patients with later age 
of ousel and those who are hospitalized for their symptoms. 

Binge Eating Disorder 

Patients have recurrent episodes of binge eating associated with severe distress. 
In contrast to anorexia or bulimia, however, these patients do not try to pre¬ 
vail weight gain through excessive exercise, vomiting, or use of laxatives and 
diuretics. As a result* many patients with this disorder are obese, and are thus 
at risk for obesity-related medical conditions such as hypertension, type 2 dia¬ 
betes, and cardiac disease, 

DSM-tV-TR Diagnostic Criteria 

Recurrent episodes of binge eating which arc not associated with oilier 
behaviors (such as excessive exercise). 

Symptoms are ego-dystonic (he*, the patient will cat alone because he/shc 
is ashamed of his/her eating habits; the patient feels guilty and depressed 
about their behaviors). 

Symptoms occur at least twice a week for 6 months. 

Three or more of the following symptoms are present: 

Rapid eating. 

Eating when not hungry. 

Consume an excessive amount of food. 

Feeling embarrassed or guilty about their behavior; thus they will lend 
to eat alone. 

Treatment 

Diet and exercise program 
Psychotherapy 
Behav ioral therapy 
Pharmacotherapy: 

Stimulants to suppress appetite 

Sibutraminc to inhibit rcuplake of neuretransmitters 


COGNITIVE DISORDERS 


Result from impairment of the CNS and affect memory, attention, orienta¬ 
tion, and judgment. The Mini-Mental State Examination is used to deter¬ 
mine the severity of the disorder. The test involves using several questions and 
a scoring grid to determine a patient's mental state by testing the patient s ori¬ 
entation, registration, attention, recall, language, and calculation. Cognitive 
disorders arc categorized into delirium, dementia, and amnestic disorders (sec 
Table 742). 


Delirium 

Characterized by a disturbance in consciousness in which a patient's level of 
consciousness varies throughout the day. Patients are easily distracted, disori¬ 
ented with respect to time and place, have language disturbances, and can 
also experience illusions and hallucinations. Elderly patients often manifest 
when U sundowning” (delirium worsening at night). Delirium is caused by 
an underlying medical disorder and thus correction of the underlying medi¬ 
cal disorder will lead to resolution of symptoms. Delirium can last for days or 
weeks and if not corrected, it is associated w ith a high-mortality rate. 



KEY FACT 


Bupropion is contraindicated in 
patients with bulimia or anorexia 
nervosa because of an increased 
incidence of seizures. 




MNEMONIC 


Differential for delirium: 

AEIOU TIPS 

Alcohol 

Electrolytes 

Iatrogenic {e.g>, anticholinergics, 
benzodiazepines, anti-HTN 
hyperternsion medications) 
Oxygen (hypoxia) 

Uremia 

Trauma 

Infection 

Poisons 

Seizures (post-icta!) 
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table 7* T 2 « Difference between Delirium and Dementia 


MijUMwmmawTwiiiiMiiiifHw 



Delirium 

Dementia 

Onset 

Acute (from hours to days). 

Gradual 

Duration 

Days to weeks. 

Months to years. 

Level of 

consciousness 

Fluctuates (varies throughout the day). 

Norma! (does not change throughout the day)* 

Symptoms 

Fluctuates (worse at night). 

Stable. 

Orientation 

Impaired. 

Not impaired in early stages of disease. 

Memory 

Dramatic decline in a short period of time. 

Gradual decline over a longer period of time (recent and 
remote memory are impaired). 

Awareness 

Reduced. 

Clear. 

Medical status 

Usually reversible (after correction of underlying 
medical disorder). 

Most are irreversible (only 15% are reversible if caused by an 
underlying medical disorder). 

Hallucinations 

Visual hallucinations common. 

Hallucinations less common* 


EEC changes Present (fast waves/gen era I iied slowing), None. 




MNEMONIC 


Couses of delirium: 
I'M DELIRIOUS 


Impaired delivery (of brain substrates/ 
blood) 

Metabolic 

Drugs (e.g., alcohol, opiates, 
barbiturates) 

Endocrinopathy (i.e., thyroid storm) 
Liver disease 

Infrastructure (of cortical neurons) 

Renal failure 

Infection 

Oxygen 

Urinary tract infection 
Sensory deprivation 




MNEMONIC 


DELIRIUM = Changes in sensoJUM 


Etiology 

Delirium can be caused by a variety of medical disorders, including infection, 
trauma, hypoxia, substance withdrawal (c.g., alcohol), medications, and tox¬ 
ins (e.g., 1 1 caw metals). It is common !y seen in 1C Us and in association with 
acute medical illness. 

DSM-IV-TR Diagnostic Criteria 

Acute change in consciousness. 

I .evel of consciousness varies throughout I lie day (i.e,, waxes and wanes}. 
Change in cognition (e.g., disorientation, deficits of memory, language 
disturbance), 

Evidence that the change in consciousness is secondary to an underlying 
medical disorder. 

Delirium can be categorized into two groups: Quiet ami agitated. Patients 
with quiet dementia may appear depressed. 

Treatment 

Rule out anticholinergic drug use. 

Correct the underlying medical disorder. 

Pharmacotherapy: Antipsyehotics, benzodiazepines (be cautious with their 
use because thev can cause respiratory depression and an increased risk ol 
falls). 


































































KEY FACT 


The patient should be placed in a well-lit and quiet environment and in a 
place where there can be close observation by nurses* 

Constantly reorient patient (e.g., tell patient what time it is anti where they 
are). 

Limit the amount of sedation given to the patient (to minimize the amount 
of napping). 

Dementia 

Characterized by impaired cognitive functions and memory that is progres¬ 
sive and irreversible. It is a debilitating disorder that affects mainly the elderly. 
Unlike delirium* the level of consciousness does not vary throughout the day. 
The incidence increases with age and 20% of people over the age of 80 years 
suffer from severe dementia. Causes of dementia include increasing age* 
Alzheimer's disease (5096—60%) P and vascular dementia (10%-20%). 

Diagnosis 

f ifteen percent of patients with symptoms of dementia have a treatable and 
reversible cause. Some treatable causes of dementia include hypoxia, hypo* 
thyroidisrn, malnutrition (he,, vitamin B^. thiamine* or folate deficiency), 
lead toxicity* Lyme disease, meningitis, ncurosypliilis, and medications. It is 
important to rule out these treatable causes of dementia. 

Treatment 

There is no cure for dementia unless it is caused by a treatable medical con¬ 
dition (e.g,, vitamin Bp deficiency), Treatment, therefore, involves palliative 
care. Patient and family should he educated and long-term care should he 
discussed, hi patients with behavioral or emotional symptoms, low-dose anti¬ 
depressants or neuroleptics can be used. Anti psycholies can be used for para¬ 
noia or hallucinations, while benzodiazepines can be used for anxiety and 
agitation. 

Amnestic Disorders 

These disorders lead to memory impairment without impaired conscious¬ 
ness or oilier cognitive functions. Like delirium, amnestic disorders are often 
caused by an underlying medical disorder, including cerebrovascular acci¬ 
dent, brain trauma or tumor, hypoxia, hypoglycemia, systemic illnesses* sei¬ 
zures, multiple sclerosis, herpes simplex encephalitis, and substance use 
(alcohol, medications). Amnestic disorders can be temporary or permanent 
depending on the underlying etiology. 

Amnesia can be categorized into two types: 

Anterograde: Unable to make new memories, unable to remember things 
that occur after the CNS insult (e,g,, KorsakofTs amnesia). 

Retrograde: Inability to recall old memories from before the CNS insult. 
Often seen with RCT. 

Treatment 

If amnesia is caused bv a reversible medical disorder (e.g. f scizaires, hypoglyce¬ 
mia), then the disorder will resolve following treatment of the medical disor¬ 
der. I lowcvcr, in situations in which the amnesia is permanent, it is important 
to discuss the patient's limitations with the patient and his/her family. 


■ 

Depression has to be ruled out in 
patients with quiet dementia, 



KEY FACT 


Benzodiazepines can exacerbate 
symptoms. 



KEY FACT 


Delirium is more likely to affect 
visual modalities, and psychosis is 
more likely to affect the auditory 
system. 




FLASH BACK 


Dementia is caused by Alzheimer's 
disease, microvascular disease of 
the brain (vascular dementia), Pick's 
disease/frontotemporal dementia, 
Huntington's disease, Parkinson's 
disease, Creutzfeldt-Jakob disease, 
and normal pressure hydrocephalus. 



KEY FACT 


Major depression can cause 
pseudodementia. 



KEY FACT 


Dementia = Memory impairment 
Delirium = Sensorium impairment 
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DISSOCIATIVE DISORDERS 


Patients have sudden, temporary loss of identity or memory lor personal 
events. These disorders are most commonly seen in women 15-30 years of 
age, ldissociative disorders arc often preceded by a stressful life event, A high 
proportion of patients w ith dissociative disorder have a history of trauma or 
child abuse (sec Table 7-13), 


table 7-13, Key Characteristics of Dissociative Disorders 


fmiiutmimnflttiriiwuitfriiuruisi 

Disorder 

■mill—HWimil II ■■Mill mu Iimmllfl | UittttKili Uiitl 

DSM-IV-TR Criteria 

aaaniiiMuimmtfm nBniiwBimnamutmHiaai 

Epidemiology 

Course 

Treatment 

Dissociative 

2 1 episode of inability to 

Women > men. 

Most patients 

To prevent recurrence, 

amnesia 

recall important personal 

Younger people > the 

regain memory 

it is important to help 


information regarding a 

elderly. 

over a period 

patients recover lost 


traumatic event 

Associated with other 

of days. 

memories. 


Symptoms cause significant 

mental disorders (e.g., 

Recurrences 

Hypnosis and 


impairment in daily living. 

major depression). 

are 

uncommon. 

lorazepam are used in 
the interview to help 
patients relax and to 

recover memory. 

Psychotherapy after 
patient recovers 

memory. 

Depersonalization 

Recurrent episodes of feeling 

Women > men. 

Chronic. 

Treat associated 

disorder 

detached from body or mind 
(i.e., patients feel like they are 
observers of their own lives). 

Patients are aware of 

symptoms. 

Symptoms cause significant 

distress. 

Age of onset: 15-30 years. 
Patients have increased 

incidence of other mental 
disorders (e.g., major 
depression). 


mental disorders (e.g., 
5SR1 or antianxiety 
drugs for anxiety or 
major depression). 

Dissociative fugue 

Inability to recall past 

Onset preceded by 

Last for a few 

Similar to dissociative 


events; therefore patients 
are confused about personal 
identity or assume new 
identity. 

Patients leave their place 
of residence and travel to 

another destination and can 
take on a new identity (i.e., 

stressful life event 

Predisposing factors: 

Substance abuse, mental 
illness (e.g., major 
depression), head trauma. 

days to years. 
When patient 
regains 

memory of old 
identity he or 

she is unaware 

of loss of 

memory. 

amnesia. 


start a new life). 




Dissociative 

Patient exhibits > 2 

Women > men. 

Patients with 

Hypnosis. 

identity disorder 

distinct identities (with 

Predisposing factors: 

earlier age of 

Psychotherapy 

(multiple 

one personality being the 

Childhood abuse, sexual 

onset have 

(insight-oriented). 

personality 

dominant one). 

abuse. 

a poorer 


disorder) 

Identities frequently take 
control of the patient's life. 
Patients unable to recall 
details of other personalities. 

1 lltjjima I rfftlHHH i urn i j. I Ml ItlTlI II stimuli 

High incidence of other 
mental disorders (e.g., 
major depression). 

prognosis. 




























SUBSTANCE-USE DISORDERS 


KEY FACT 


When referring to substance-use disorders it is important to differentiate 
between substance abuse and substance dependence. 

Substance abuse is defined as a maladaptive pattern of substance use that 
leads lo clinically significant impairment or distress for a period of at least I 
year. These patients have not yet met criteria for substance dependence. Sub¬ 
stance abuse is manifested as any one of the following: 

Use resulting in failure to fulfill major obligations (e.g., going to work). 
Substance use in potentially dangerous situations (e.g.. driving under the 
influence). 

l egal problems related lo substance use. 

Continued use despite the knowledge that substance use results in signifi¬ 
cantly impaired social and personal life. 

Substance dependence is also defined as a pattern of substance use which 
leads to significant impairment or distress for a period of 1 year. However, the 
DSM-IV-TR criteria state that a patient has to exhibit three or more of the 
following symptoms in a 12-inontli period to he diagnosed with substance 
dependence: 

Physical/rcceptor dependence effects: 

« Tolerance. 

Withdrawal. 

Use in larger amounts and for longer periods than intended. 

Psychologieal/social/behavioral effects: 

Desire to decrease usage. 

Spends a significant amount of time and effort to acquire the 
substance. 

Neglects other aspects of life due to use {e.g., social and occupational 
life). 

Conlinuc to use the substance despite the significant impairment it 
causes. 

Substance abuse and dependence are very common and are more prevalent 
in men than in women. 

Sedatives 

Sedatives depress the CNS by increasing the activity of GABA (an inhibi¬ 
tory neurotransmitter). Sedatives include alcohol, barbiturates, and benzo¬ 
diazepines. 

Alcohol 

Alcohol is the most commonly abused substance. The prevalence of alco¬ 
hol abuse in the United States is 7%~10% (see ’Iable 7-14). Alcohol activates 
GABA and serotonin receptors in the CNS and is metabolized by alcohol 
dehydrogenase and aldehyde dehydrogenase in the liver. Studies have shown 
that women develop alcohol-rclatcd brain damage more readily than men. 
This theory is known as telescoping, which states that chronic alcohol con¬ 
sumption in women leads to a later onset and accelerated negative effects on 
the structure and function of the brain. 

Presentation 

Long-term alcohol abuse can lead to Wernicke’s encephalopathy, which is 
caused by vitamin B t? deficiency. Wernicke’s encephalopathy is manifested 


■ 

Unlike amnestic disorders (a form 
of cognitive disorder), the loss of 
memory associated with dissociative 
disorders is not secondary to a 
medical disorder or substance 
abuse. 



KEY FACT 


Tolerance = Increased dosage 
of the substance is needed to 
achieve the desired effect. 
Withdrawal = Development of a 
specific set of symptoms after 
cessation or decreased dose after 
prolonged substance use. 



FLASH BACK 


GABA receptors are inhibitory; 
therefore alcohol has a sedating 
effed. 



FLASH BACK 


Alcohol Acetaldehyde (via alcohol 
dehydrogenase). 

Acetaldehyde Acetic acid (via 
aldehyde dehydrogenase). 



KEY FACT 

i_ 


Wernicke's encephalopathy is 
reversible with thiamine therapy. 















CHAPTER 7 


PSYCHIATRY 


—. 
|W| MlMl) mil [T [fim 

m mitm. i. uih 111 iIIIWh itlLMfiiaJt ulimui 



TA B L e 7 - * 4. Characteristics and Management of Alcohol Intoxication and Withdrawal 




miiUunmui itiiiniHM 1 

Management of 


—HBBUHum*! IIIWHW*—— 

Management of 

Substance 

Intoxication 

Intoxication 

Withdrawal 

Withdrawal 

Alcohol 

Dependent on blood 

Check ABCs 

Earliest symptoms occurs 

Benzodiazepines 

(serum 

alcohol levels (BAL), 

(Airway, Breathing, 

6-24 hours after last drink. 

(tapering doses). 

alcohol or 

BAL 100-150 mg/dL 

Circulation). 

Anxiety, tremor, insomnia, 

Thiamine, folic acid. 

breathalyzer 

- ataxic gait and poor 

Intubate patients 

irritability, tachycardia, 

and vitamins to 

used to 

balance. 

who are severely 

anorexia, hyperrefiexia. 

treat malnutrition. 

determine 

BAL of 400 mg/dL = 

intoxicated. 

fever, seizures, hypertension. 

Magnesium sulfate 

level of 

respiratory depression. 

Monitor electrolytes, 

hallucinations (tactile/visual), 

or carbamazepine 

intoxication) 

Legal limit of intoxication 

glucose levels, and 

delirium. 

for post-withdrawal 


rn most states is 80-100 

acid-base status. 

Delirium tremens: Seizures 

seizures. 


mg/dL. 


with altered mental status (a 

Delirium tremens 


Serum 


medical emergency), occur 

(benzodiazepines). 


^gl u ta my 11 ra n sferas e 


72 hours after last drink, and 



(GGT) is sensitive indicator 


is associated with a high- 



of alcohol use. 


mortality rate (15%-20%). 

- 5% of patients admitted 





for alcohol-related disorders 
(e.g„ detox) progress to 
delirium tremens. 

■amiii 11 mmtm KMinuTtnm imnmmaB»Ba>n<siti 





MNEMONIC 


Wernicke's encephalopathy 
(acute phase): 

COAT RACK 


Confusion 

Ophthalmoplegia 

Ataxia 

Thiamine treatment 
Retrograde amnesia 
Anterograde amnesia 
Confabulation 
Korsakoff's psychosis 



KEY FACT 


as ataxia, confusion, and ocular abnormalities (e.g.„ gaze palsies, nystagmus). 
If left untreated, it can progress to Koisakoffs syndrome, which is chronic 
and irreversible. Symptoms of Korsakoff* syndrome include psychosis, antero¬ 
grade amnesia, and confabulation. This syndrome is associated with periven¬ 
tricular hemorrhage or necrosis of the mammillary bodies. 

Alcohol withdrawal can be life-threatening, and is characterized by auto¬ 
nomic instability (tachycardia, trcmulousness, anxiety, hypertension) followed 
In psychotic symptoms (hallucinations) and confusion. Delerium tremens 
may occur 2-> days following the last drink, and are characterized by visual 
and tactile hallucinations (treal with haloperklol), agitation, autonomic 
arousal, and seizures (treat with benzodiazepines, be., lonizepnm). 

Treatment 

Treatment of chronic dependence includes Alcoholics Anonymous, disul- 
fjnun (inhibits acetaldehyde dehydrogenase, conditions the patient negatively 
against alcohol consumption), psychotherapy, and naltrexone (to help reduce 
cravings). Alcohol withdrawal is treated with benzodiazepines (lorazepaui) 
and haloperidol. 


Patients with altered mental status 
due to alcohol should be treated 
with thiamine and glucose, with 
the former being given before the 
latter. If glucose Is given first, the 
mammillary bodies in the brain 
may become further depleted 
of thiamine, thus precipitating to 
encephalopathy 


Benzodiazepines and Barbiturates 

Both of these drugs are commonly abused because they are readily available. 
Benzodiazepines are used to treat anxiety disorders, while barbiturates arc 
used as anesthetics and for epilepsy treatment. Bolli substances potentate live 
effects of GABA and depress the CNS. 

Presentation 

Symptoms of intoxication include drowsiness, impaired coordination and 
judgment, ataxia, mood lability, and nystagmus. Severe intoxication can 
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lead to respirator}’ depression, coma, and even death. Benzodiazepines and 
barbiturates can also lead to withdrawal symptoms, including insomnia, anxi¬ 
ety, delirium, hallucinations, tremor, nausea and vomiting, tachycardia, and 
sweating {autonomic hyperactivity). 

Treatment 

Sodium bicarbonate can be given to increase renal excretion of barbiturates, 
riumazenil (a benzodiazepine antagonist) can he used in benzodiazepine 
overdose. After administering flumazenil, the patient must be monitored tor 
acute withdrawal symptoms from benzodiazepines. Treatment for withdrawal 
includes administration of a long-acting benzodiazepine or diazepam. Sei¬ 
zures can he controlled with valproic acid. 

Stimulants 

Stimulants including cocaine, amphetamine, caffeine, and nicotine activate 
die CNS by increasing the concentration of dopamine. Caffeine and nicotine 
are the two most commonly abused stimulants. 

Cocaine 

Cocaine is an alkaloid extract from the leaves of the coca plant that prevents 
dopamine reuptakc from I he synaptic clcfi, Use can result in lifedhreatening 
conditions such as sudden cardiac death (coronary vasoconstriction leading 
to Ml, arrhythmia). Maternal use can lead to placental abruption (see Table 
7-15). 

Treatment 

Overdose can be treated with urine acidification. Phentolaminc and nife¬ 
dipine can be used for severe If IN. Haloperidol may be used to treat psy¬ 
chosis, Treatment for long-term dependence includes psychotherapy, group 
therapy, TCA$, and dopamine agonists (e.g., amantadine). 

Amphetamines 

Stimulants structural I v related to catecholamine ncurotransmitters can be 
classified into two groups: Classic and substituted. Classic amphetamines 



KEY FACT 


Formication: Tactile hallucinations 
associated with alcohol 
withdrawal and cocaine 
intoxication, in which patients fee] 
as if bugs are crawling on their 
skin ("cocaine bugs"). 

Alcohol intoxication and withdrawal 
can be fatal because the CNS- 
depressing GABA receptors down 
regulate with overuse of CNS- 
depressing alcohol. 



FLASH BACK 


Benzodiazepines affect the 
frequency of opening of GABA 
receptors. 

Barbiturates affect the duration of 

GASA-receptor firing. 



KEY FACT 


Benzodiazepines and barbiturates 
have synergistic effects. Alcohol used 
in conjunction with either class of 
drugs also result in synergistic effects, 


TA B L E 7*15. Characteristics and Management of Cocaine Intoxication and Withdrawal 
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Management of 


Management of 

Substance 

Intoxication 

Intoxication 

Withdrawal 

Withdrawal 

Cocaine {cocaine 

Increased or decreased BP, 

Mild to moderate 

Crash (occurs - Ad 

Crash is not 

intoxication can 

euphoria, tachycardia or 

agitation: 

hours after last use): 

life-threatening, 

lead to death 

bradycardia, nausea, dilated 

Benzodiazepines, 

Fatigue, malaise, 

therefore treatment 

secondary to 

pupils, psycho motor agitation, 

Severe agitation: 

depression, suicidality, 

is supportive (Le., 

respiratory 

depression, sweating, chills. 

Haloperidol. 

hunger, constricted 

allow the patient 

depression and 

respiratory depression, seizures. 

Psychosis' 

pupiis, vivid dreams, 

to recover on their 

arrhythmias). 

arrhythmias, tactile hallucinations 

Haloperidol, 

psychomotor 

own). 


(formication). 

Symptomatic 

a g i tali on/reta rda t i on. 


u 

Prolonged use can lead to 

support (e.g., 

Withdrawal occurs 



paranoia and psychosis. 

control of 

1-10 weeks after last 


m 

Causes vasoconstriction leading 

hypertension and 

use. 



to Ml ("cocaine chest-pain"), 

arrhythmias). 




placental abruption. 























KEY FACT 


Severe autonomic instability resulting 
from benzodiazepine/barbiturate or 
alcohol withdrawal in chronic users 
can be life-threatening. 


KEY FACT 


Benzodiazepine overdose 
carries a lower risk of causing 
respiratory depression than do 
barbiturates Barbiturate overdose 
is very dangerous and may be life- 
threatening. 


KEY FACT 


Cocaine blocks the reuptake of 
dopamine, while amphetamine 
causes the release o( dopamine. 



FLASH BACK 


Dopamine has a role in the "reward" 
system of the brain. 


(e.g*, dextroamphetamine, methylphenidate, methamphetamine) stimulate 
dopamine release at the presynaptic tormina and are used in the treatment 
of attention deficit/hypcractivity disorder (ADHD) and narcolepsy. Designer 
amphetamines (methylenedioxymethamphetamine [MDMA or “ecstasy”] 
and mcthylenedioxyethylamphetamine [MDfv\j or “Eve”) have both stimu¬ 
lant and hallucinogenic effects clue to the release of dopamine and serotonin, 
respectively. The clinical presentation and treatment of amphetamine intoxi¬ 
cation and withdrawal is similar to that of cocaine. 

Caffeine 

Caffeine is the most common psychoactive agent used in the United States. It 
is an adenosine antagonist that also exerts a stimulant effect on the dopamin¬ 
ergic system. 

Consumption of 250 mg of caffeine can lead to symptoms of intoxication, 
which include insomnia, anxiety, restlessness, twitching, rambling speech, 
flushed face, diuresis, and Cl disturbances. If more than 1 g of caffeine 
{approximately 10 cups of coffee or 20 cops of tea) is ingested, symptoms such 
as tinnitus* severe agitation, and cardiac arrhythmia can occur. Treatment for 
caffeine intoxication is symptomatic and supportive. 

Caffeine withdrawal also leads to symptoms including headache, anxiety, 
depression, and drowsiness. Treatment is symptomatic (i.c., analgesics for 
headaches). To avoid subsequent episodes of withdrawal, the patient should 
slowly taper his/her consumption of caffeine. 

Nicotine 

Stimulates nicotinic receptors. Symptoms of intoxication include insomnia, 
restlessness, anxiety, and increased Cl motility. The definitive treatment for 
nicotine intoxication is cessation. 

Patients suffering from nicotine withdrawal exhibit signs of anxiety, dyspho¬ 
ria, increased appetite, irritability, insomnia, and intense craving. Behavioral 
counseling, nicotine patch or gum, and bupropion (an antidepressant that 
helps to reduce cravings) have been shown to help reduce nicotine cravings. 

Opiates 

Opiates, such as morphine, methadone, and heroin, stimulate \x receptors and 
affect sedation and analgesia. Opiates also affect the dopaminergic system, 
thus contributing to their addictive and rewarding effects. 

Methadone, LrCX-acetyhncthadol acetate (LAMM) and buprenorphine, all of 
which arc synthetic opiates, can be used to treat long-term dependence on 
heroin (see Table 7-16), All lliree, however, can also lead to physical depen¬ 
dence and tolerance. They arc legally used to substitute for illegal opiates and 
to prevent withdrawal symptoms. While methadone is a jumpioichrcccptor 
agonist, bupreiiorphinc is a partial opioid receptor agonist used for long-term 
maintenance therapy. It blocks the withdrawal symptoms and euphoric effects 
of heroin. 

Hallucinogens (Phencyclidine and Lysergic Acid Diethylamide) 

Phencyclidine (PCP nr “angel dust”) and lysergic acid diethylamide (LSD) 
are both hallucinogens; however, PCP also has anesthetic and stimulant 
effects (sec Tables 7-17 and 7-18). PCP acts on NMDA glutamate receptors 
and activates dopaminergic neurons, while LSD ads on serotonin receptors. 










TABLE 7 - 16 , Characteristics and Management of Opiates intoxication and Withdrawal 


Substance 
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Intoxication 
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Management of Intoxication 
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Withdrawal 

Management of 

Withdrawal 

Opiates 

Drowsiness, CNS 

Overdose is life-threatening. 

Not life-threatening. 

Moderate 


depression, nausea/ 

For opiate overdose with 

Dysphoria, insomnia. 

symptoms: 


vomiting, constipation, 

respiratory depression 

rhinorrhea, yawning, dilated 

Clonrdine and/or 


constricted pupils, 

treat with naloxone or 

pupils, lacrimation, weakness. 

buprenorphine* 


slurred speech, seizures, 

naltrexone. 

sweating, piloerection ("cold 

Severe symptoms: 


respiratory depression 

Provide ventilatory support 

turkey"), flu-like symptoms 

Methadone 


(leading to coma/death). 

if needed. 

(nausea/vomiting, fever, 

(tapered over 7 

If IIIUHII1111 ITUlUICEtif 


muscle ache), days)* 

r>Y,iriif-TaiiiiinniihiHmunun ^i 'iiiimiMiiiniM ^iiiumiiiiumijm 


Neither substance produces withdrawal symptoms, but patients might experi- 
ei ice recurrence of symptoms at a later time (i.e., "'flash backs”). 



FLASH BACK 


Other Substance Use Disorders 

Marijuana 

Marijuanas active ingredient is cannabis, which acts on the cannabinoid 
receptors in the brain, leading to inhibition of adenylate cyclase. Marijuana 
can be either smoked or eaten and when taken in large doses, marijuana 
causes euphoria, tachycardia, drv mouth, increased appetite, impaired qoor- 


Nicotine stimulates nicotinic 
receptors in autonomic ganglra. 




FLASH BACK 


Endogenous opiates include 
endorphin and enkephalins. 


TABLE 7* t 7. Characteristics and Treatment of Hallucinogen Intoxication 
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Hallucinogen 
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Symptoms of Intoxication 

Treatment for Intoxication 

Phencyclidine 

Impulsiveness, belligerence, 

Check BP, temperature and 

(PCP) 

recklessness (e.g. r breaking 

electrolyte levels. 


through a pair of handcuffs). 

Acidify urtne with ascorbic acid 


psychosis, impaired judgment, 

(vitamin C) and ammonium 


ataxia, hypertension, 

ch bride. 


hyperthermia, tachycardia, 

Give diazepam for seizures and 


rotatory nystagmus 

muscle spasms. 


(pathomnemonic for PCP 

Give benzodiazepines or 


intoxication), high tolerance 

dopamine antagonists for 


to pain, agitation, violent 

agitation* 


behavior 

Give haloperidol for agitation or 
psychotic symptoms. 

Lysergic acid 

Pupil dilation, tachycardia. 

For mild symptoms, patients can 

diethylamide 

perceptual changes. 

be reassured. 

(LSD). 

hallucinations, sweating, 

For severe symptoms, 


palpitations, tremors, impaired 

benzodiazepines and 

ii i ii rtnK&w nilnimtiimni 

coordination, 
tn high doses, paranoia 
(treatment involves 
"talking someone down"), 
depersonalization, anxiety. 

antipsychotics can be used. 



KEY FACT 


The classic triad of opiate overdose 
includes: 

m Respiratory depression 
m Altered mental status 
■ Miosis ("pinpoint pupils") 



KEY FACT 

L______ 


Naloxone = IV route of 
administration 
Naltrexone - PO route of 
administration 



KEY FACT 


Both PCP and LSD alter a person's 
perception and PCP intoxication 
leads to impulsiveness, 
belligerence, psychosis, and 
violent, even homicidal behavior. 

LSD intoxication leads to anxiety or 
depression. 
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PSYCHIATRY 





Table ?i8. Review of Pupillary Response to Substance 
Intoxication or Withdrawal 
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KEY FACT 


Withdrawal from PCP intoxication 
can lead to sudden onset of random 
homicidal violence. 


Pupillary 


Substance 

Dilation 

Pupillary Constriction 

Amphetamines 

Intoxication 

Withdrawal 

Cocaine 

Intoxication 

Withdrawal 

LSD 

Intoxication 


Opioids 

Withdrawal 

Intoxication (pinpoint pupils) 

Methadone 

Withdrawal 

Intoxication 

Heroin 

Withdrawal 

Intoxication 

Alcohol 

Withdrawal 
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dinalion, and conjunctival injection. Only symptomatic and supportive treat¬ 
ment is available for intoxication. 



KEY FACT 


Use of marijuana does not lead to 
withdrawal or dependence because 
tetrahydrocannabinol (THC) is a 
lipid-soluble drug and thus is slowly 
released 


SLEEP DISORDERS 


The reticulate activating system modulates aroiisalAvnkcfulness, Sleep dis¬ 
orders are very common and affect approximately one-third of people in the 
United States. Sleep disorders are classified as either primary or secondary, 
Secondary sleep disorders are caused by another disorder (e.g. t mental or 
medical disorder or substance abuse). Primary sleep disorders are not associ¬ 
ated with other disorders, and are categorized into either dyssomnias or para- 
sornnias (see Tables 7-19 and 7-20). 



FLASH BACK 

I _ 


Elevated levels of dopamine 
or norepinephrine lead to 
decreased total sleep time. 

Melatonin accumulation allows for 
sleep onset to occur. 



KEY FACT 


Dyssomnias 

Dyssomnias are primary sleep disorders characterized by impairment in the 
amount, quality, or timing of sleep. There arc various disorders that fall into 
llhs category: Primary insomnia, primary hypersomnia, narcolepsy, circadian 
rhythm sleep disorder, and sleep apnea (see Table 7-21), 

Parasomnias 

Parasomnias are also primary sleep disorders characterized by abnormal 
behavior during the sleep cycle. Disorders that fall into this category include 
nightmare disorder, night terror disorder, and somnambulism* 

Other Sleep Disorders 


Buzz words for narcolepsy: 

■ Hypnagogic hallucinations 

■ Hypnopompic hallucinations 

■ Short REM sleep 

■ Cataplexy 

■ Sleep paralysis 


Restless Legs Syndrome 

This is a neurologic disorder characterized by unpleasant sensations in the 
legs and an uncontrollable urge to move when at rest, f llie sensations in the 
legs are often described as burning, creeping, tugging, or like insects crawl¬ 
ing inside the legs. The symptoms can begin or worsen during periods of rest 
or inactivity and are partially or totally relieved by movement. They typically 
worsen or occur only in the evening or at night, and can disturb sleep. The 




















TABLE 7-19. 

Key Characteristics of Dyssomnias 
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Diagnosis 
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Epidemiology/Ettology 

Treatment 

Primary 

insomnia 

Problems falling asleep and/or staying 
asleep. 

Occurs > 3 times/week for at least t 

month. 

Affects one-third of the 

population. 

Anxiety about not getting enough 
sleep exacerbates the condition. 

Maintain sleep hygiene (i.e., 
regular sleep schedule, limit 
caffeine intake, no daytime 
naps). 

Diphenhydramine, zolpidem, 
zaleplon, trazodone (short 
term). 

Primary 

hypersomnia 

Excessive daytime sleepiness or 
excessive sleep for at least 1 month. 

Onset often in adolescence. 

First-line treatment is with 

amphetamines (stimulants). 

SSRts. 

Narcolepsy 

Sudden sleep attacks (repeated) during 
the day for at least 3 months. 

Associated with cataplexy (sudden 
collapse while awake, loss of voluntary 
muscle tone), short REM latency, sleep 
paralysis, hypnagogic, hypnopompic 
hallucinations. 

Immediately go into REM sleep. 

Uncommon. 

Onset often during childhood or 

adolescence. 

Possible genetic association. 

Scheduled daytime naps. 
Amphetamines, 
methylphenidate (stimulants). 
SSRIs or sodium oxalate for 
cataplexy. 

Circadian 

rhythm 

Disparity between circadian sleep-wake 
cycle and environmental sleep demands 
(e.g., jet lag, in shift work). 

Seen in frequent travelers, shift 
workers. 

Remission, especially in 
patients suffering from jet lag 
(in 5-7 days). 

Light therapy {for shift 
workers). 

Melatonin (given 5 hours 
before bedtime). 

Sleep apnea 

Abnormal sleep ventilation (central or 
obstructive) leading to sleep disruption 
and subsequently to excessive daytime 
sleepiness. 

Person stops breathing for at feast TO 
seconds repeatedly during sleep. 

10% of population. 

Associated with obesity, 
pulmonary HTN, arrhythmias. 
Obstructive sleep apnea. 

Associated with snoring" seen 
more commonly in those 40-60 
years old; maledemale ratio is 

fl:1. 

Central sleep apnea: Higher 
incidence in patients with heart 
failure, BOH use, more common 
in the elderly. 

iwmui m mm urmtiwimmin ■!■■■ 11 

Obstructive: Nasal 
continuous positive airway 
pressure, surgery (nasal or 
uvulopalatoplasty), weight 
loss. 

Mechanical ventilation. 
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TABLE 7-2o. Key Characteristics of Parasomnias 



Diagnosis 

EPintNllOlOGV/ETIOLOGY 

Treatment 

Nightmares 

Repeatedly being awaken by nightmares and recalling 

Onset during childhood. 

Usually not treated. 


the details of the dream, causing distress. 

Increased episodes 

Give TCAs to suppress 


Occurs during REM sleep. 

during times of stress. 

total REM sleep. 

Night terrors 

Patients have repeated episodes of extreme 

More frequent in 

Usually not treated. 


frightful ness during sleep. 

Patients have no recollection of these episodes. 

Occurs in stage 3 or 4 of the sleep cycle. 

children (boys > girls). 

Genetic, 

Diazepam at bedtime. 

Somnambulism 

Patients have repeated episodes of walking during 

Onset during childhood 

None. 

(sleepwalking) 

sleep. (peak at 12 years old). 

Patients have a blank stare. Boys >girls. 

Can be associated with other behaviors (eg.. Genetic 

dressing, talking). 

Patient can be awoken with great difficulty and 
often is confused when awoken (no recollection of 
episodes). 

Episodes occur during stage 3 or 4 of the sleep cycle. 
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KEY FACT 


Cataplexy: Sudden loss of muscle 
lone. 

HypnaGOGic: Hallucinations as the 
patient is GOING to sleep. 

HypnOPompic: Hallucinations as the 
patient is waking UP (not while 
in deep sleep). 


KEY FACT 


Obstructive sleep apnea: 

Ventilation is disrupted by 
physical obstruction (La, patients 
have respiratory effort, but airway 
obstruction prevents air from 
getting into the lungs), 

Central sleep apnea: little or no 
respiratory effort is made. The 
medulla does not respond to 
increasing levels of C0 2 


t 


KEY FACT 


Eighty percent of people with 
restless legs syndrome also have 
periodic limb movement disorder. 


TA 8 L E 7-21. Mental Disorders/Substance Abuse and Sleep Disturbances 


Mental Disorder/ 

Substance Abuse Sleep Disturbances 

Depression 

Normal sleep onset 

Early morning awakenings (i.e,, waking up before the patient 
desires). 

Decreased REM latency. 

Increased total REM sleep. 

Decreased slow-wave sleep. 

Overall decreased sleep. 

Bipolar 

Difficulty initiating sleep. 

Needs less sleep during manic episodes. 

Anxiety 

Difficulty initiating sleep. 

Caffeine 

Most common cause of insomnia. 

Benzodiazepines 

Insomnia. 

Nightmares and other sleep disturbances, including restless legs 
syndrome. 

Nocturnal myoclonus. 

Hypnagogic hallucinations. 

Alcohol Difficulty initiating sleep. 

Frequent awakenings. 

Decrease in sleep quality associated with daytime fatigue. 
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KEY FACT 


FDA has reccnlly approved rop ini role (Rcquip), which is used to treat Parkin¬ 
son's disease, for the treatment of restless legs syndrome. 



i 

L 


Nocturnal Myoclonus 

Nocturnal myoclonus is also called periodic limb movement disorder and it 
is a sleep disorder in which the patient moves the limbs involuntarily during 
sleep. It is related to restless leg syndrome. 


fn atypical depression, patients have 
hypersomnia along with weight gain 
and leaden paralysis. 


Tins disorder can become worse when taking certain medications such as 
TCAs and MAOIs. Withdrawal from anticonvulsants* benzodiazepines* 
and barbiturates can also worsen the symptoms of this disorder. Treatment 
includes non-ergot derived dopaminergic drugs. 


CHILDHOOD DISORDERS 


Diagnosing psychiatric disorders in children can he more challenging than 
diagnosing adult psychiatric disorders because the clinical data have to he 
gathered from various sources. The child* the parents, teachers, and even 
social workers should be interviewed. Parents arc good sources of information 
and can give accurate accounts of the child's developmental progress, con¬ 
duct, school performance, problems with the law, and family history. Teach¬ 
ers and social workers can also give valuable information about academic per¬ 
formance, peer relationships, and the child’s social and family environment 
Child psychiatric disorders can be categorized into groups depending on the 
prevalent symptom. 


Pervasive Developmental Disorders 

Pervasive developmental disorders arc characterized by impairments in lan¬ 
guage and social skills. The disorder is recognized at an early age and there is 
a higher incidence in males; the inaledcmalc ratio is 3:1 (with I he exception 
of Rett’s syndrome, which affects females). Pervasive development disorders 
include autistic disorder, Asperger’s syndrome and Rett’s syndrome. 



KEY FACT 


Be sure to rule out hearing 
impairment during the first 
assessment of the chi/d. 


Autistic Disorder 

Symptoms associated with autism are recognized early in childhood (usually 
before age 3) due to delayed developmental milestones. There is a high asso¬ 
ciation with mental retardation, fragile X syndrome, and tuberous sclerosis. 
Males have a predilection for this disorder and genetics have some role in iis 
inheritance. Children with autistic disorder exhibit impairment in three dif¬ 
ferent areas: Social interaction, communication, and restricted and repetitive 
behaviors. 


DSM-IV-TR Diagnostic Criteria 

According to the DSM-1V-TR criteria, a child has to exhibit six of the follow¬ 
ing symptoms to be diagnosed with autistic disorder: 

Unable to develop peer relationships. 

Unable to express oneself through nonverbal expressions (e.g., facial 
expressions, gestures). 

Does not initiate or reciprocate social interactions. 

Does not appropriately reciprocate emotional interactions. 

Delayed impaired speech. 

Repetitive use of language. 

Repetitive play (e.g., continually stacking three blocks in a certain way). 
Exhibit repetitive and rigid rituals. 

Obsession with parts of objects. 
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MNEMONIC 


AUTISTICS 

Again and again {repetitive behavior) 
Unusual abilities 
Talking (language) delay 
|Q subnormal 
Social development poor 
Three years of age at onset 
Inherited component (55% 
concordance) 

Cognitive impairment 
Self-injury 


Treatment 

Treatment of autism focuses ou management of symptoms and these include 
the following: 

Behavioral management. 

Special school curriculum focused on developing social skills. 

SSRf (for control of repeli I ivc behaviors). 

Atypical antipsychotics (fur treatment of bizarre behaviors, agitation, and 
tics). 

Stimulants (for hyperactivity). 

Asperger's Disorder 

Unlike autism, children with Asperger's disorder have normal to high intelli¬ 
gence but they have deficits in social interaction* narrowed interests, and gross 
motor clumsiness. This disorder is more prevalent in males Imt its etiology is 
not known. 


DSM-iV-TR Diagnostic Criteria 

According to the DSM-IV-TR criteria, patients must exhibit at least two of the 
following deficits in social interactions: 

Unable to develop peer relationships. 

Unable to express oneself through nonverbal expressions (e.g,, facial 
expressions, gestures). 

Does not initiate or reciprocate social interactions. 

Dues not appropriately reciprocate emotional interactions, 

Exhibit repetitive behaviors or activities. 

Exhibit preoccupation with inflexible routines. 

Treatment 

Treatment is geared towards symptom management and is similar to that oul- 
liued for autism. 



KEY FACT 

1 _ 


Patients with Rett’s syndrome exhibit 
stereotyped hand movements such 
as clapping and wringing of hands. 


RetTs Syndrome 

Unlike the other two pervasive developmental disorders, Rett's syndrome pre¬ 
dominates in females because U is an X-linked autosomal dominant trail, ll is 
a very rare disorder and ousel of symptoms often occurs between the ages of 
> and 48 months. Before the onset of symptoms, patients have normal brain 
development, hollowing onset of the disease, however, there is a restriction of 
brain grown and a subsequent regression of development. 


DSM-IV-TR Diagnostic Criteria 

Brain development is normal in the first few months of life, followed by 
a restriction of brain growth (manifested as normal developmental mile¬ 
stones and head circumference initially, but impaired developmental mile- 
si ones and decreasing head circumference later). 

Regression of development (Le., loss of previously learned skills). 

Exhibit stereotyped hand movements (e.g, hand clapping and hand 
wringing). 

Loss ofsocial interaction (could improve overtime). 

Impaired gait or trunk movements. 

Impaired language and psychomotor development. 


Treatment 

There is no cure for Rett's syndrome, therefore treatment is supportive w ith 
management of symptoms. 
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Disruptive Behavior Disorder 

Disruptive behavior disorder is characterized by behavior that docs noi eon* 
form to societal norms. Disruptive behavior disorder can be categorized as 
cither conduct disorder or oppositional defiant disorder. Both disorders are 
more prevalent in males. 


Conduct Disorder 

The etiology of this disorder is multifactorial and includes child-rearing prac¬ 
tices (e.g., lack of parental discipline), parental or Familial factors (e.g., paren¬ 
tal psychopathology), and family violence. There is an increased incidence of 
other mental disorders (e.g.. mood disorder), substance abuse, and criminal 
behavior in these patients. 

DSM-iV-TR Diagnostic Criteria 

Patients must exhibit the following behaviors for a period of > 1 year; 

Persistent behavior that does not conform (o societal norms and violates 
the basic rights of others. 

Aggression towards living things. 

Destruction of property. 

Behavior causes impairment of daily functioning. 

Treatment 

Children benefit the most from early intervention. Treatment is focused on 
behavior modification and problem-solving skills. Parents should be involved 
in the treatment plan and engaged in parent management training and family 
therapy. Antipsychotics or lithium can be used for aggression management, 
and SSRIs can be used to treat impulsivity, mood lability, and irritability. 



KEY FACT 


Forty percent of children with 
conduct disorder will go on to 
develop antisocial personality 
disorder as adults. 




MNEMONIC 


Children have Conduct disorder. 
Adults have Antisocial personality 
disorder. 


Oppositional Defiant Disorder 

Unlike conduct disorder, patients with oppositional defiant disorder do not 
violate the rights of others. Onset is in early childhood but symptoms can 
regress or progress to conduct disorder. Patients with this disorder have a pre¬ 
dilection for substance abuse and have a higher incidence of comorhid mood 
disorders and ADHD, 


DSM-1V-TR Diagnostic Criteria 

Patients exhibit at least four of the following symptoms for > 6 months. 

Frequently loses temper 
Disobedient 

Argues with authority figures (ix\, teachers and parents) 

Exhibits anger and resentment 
Easily annoyed 
Annoys others on purpose 
7i Spiteful 

Refuses to take responsibility for their actions 

7>EATjW£/VT 

Treatment is similar to that for conduct disorder. 


Attention Deficit/Hyperactivity Disorder 

ADHD affects 3%-5 % of children and is more common in males than 
females. It is believed that the etiology of ADHD is mnltifactorial, and 
involves genetic contributors, psychosocial factors, toxin exposure, prenatal 








trauma, and neurologic factors, The symptoms of most patients remit during 
adulthood but 205? of patients have symptoms that persist into adulthood. 

DSM-1V-TR Diagnostic Criteria 

Patients must exhibit symptoms for 6 months and onset of symptoms must 
occur before age 7 (see Table 7-22). 

Treatment 

Treatments for ADHD include psychotherapy and pharmacotherapy. Meth- 
ylphenidate (Ritalin) is first-line therapy and SSRls and TCAs can be used as 
adjunctive therapy. Parents should also go for parenting skills training. 

Tourette's Disorder 

r I burette’s disorder is a severe tic disorder that involves motor (c.g., facial or 
hand ties) and vocal tics. Vocal tics can be categorized into cither coprolalia 
(speaking obscene words) or echolalia (repeat words spoken to the patient). 
Coprolalia is uncommon in children. The onset of symptoms occurs before 
age 18, but symptoms can carry on into adulthood. This disorder is more com¬ 
mon in males than females and onset usually occurs before 7 years of age, 
The etiology of Tourette’s includes genetics and impairment in dopamine reg¬ 
ulation, Patients have a high incidence of other menial disorders (e.g., OCD 
and ADHD). 

DSM-tV-TR Diagnostic Criteria 

Patients exhibit symptoms for > 1 year and have an onset prior to age IS: 
Patients must exhibit both motor Motor and vocal ties, 

and vocal tics to be diagnosed with Symptoms cause significant impairment in daily living. 

Tourette's disorder, 

- Treatment 

Treatment includes supportive therapy and haloperidol or pimozide. 

Separation Anxiety Disorder 

This disorder affects 4% of children with an average age of ousel of 7 years. 
It may be preceded by a stressful life event (c.g,, divorce), Children with this 
disorder express great fear of being physically separated from their parents and 
will avoid being physically separated (e.g., the child may lie about feeling sick 
to avoid going to school). When they are forced to leave their parents they 
express great distress and worry about not seeing their parents again. 'Treat¬ 
ment includes supportive therapy, family therapy, and low-dose antidepres¬ 
sants for symptom management. 


KEY FACT 


TABLE 7-21. Symptoms of Attention Defid t/Hyperactivity Disorder 
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Hyperactivity Inattention Impulsivity 


Unable to stay seated. 
Unable to play quietly. 
Constantly fidgets. 
Talks excessively. 

Runs around. 
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Disorganized Interrupts or intrudes on others. 

Unable to complete task Has difficulty waiting for turn. 

Forgetful. Blurts out answers. 

Easily distracted. 

Constantly makes careless mistakes. 

Does not listen when spoken to, 
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table 7-5 3. Classification of Mental Retardation 
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Type of Miotal Retardation IQ 

Profound < 25 

Severe 25-40 

Moderate 40-50 

Mild 50-70 
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Selective Mutism 

Ijiis is a rare disorder that occurs more in females lhan in males. The onset 
of symptoms is at 5 years and it is characterized by not speaking in specific 
situations. Lake separation anxiety disorder, if can be preceded by a stressful 
life event Treatment includes supportive therapy and behavioral and Family 
therapy- 

Mental Retardation 

Mental retardation affects — 2,5% of the population and the incidence is 
higher in males than in Females. According to DSM-IV-TR, menial retarda¬ 
tion is defined as having an IQ of < 70 in addition to having deficits in adap¬ 
tive skills appropriate for the age group (see Table 7-23). Mental retarda¬ 
tion has several causes, including genetic (c.g., Downs syndrome, fragile X 
syndrome), prenatal infection or toxin exposure, prematurity, anoxia, birth 
trauma, malnutrition, and hypothyroidism. Mental retardation is categorized 
based on its severity. The majority of cases are mild* 



Key Terms 


Delirium 
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Acute a deration in sensorium. 

Dementia 

Chronic, slow decline in cognitive function. 

Hallucination 

Perceptions m the absence of external stimuli. 

Illusion 

Misinterpretations of actual external stimuli. 

Delusion 

False but nonbizarre beliefs (e.g., spouse cheating) that are maintained despite proof to the contrary. 

■f*glutamyl transferase (COT) 

Elevation is a sensitive serum marker of alcohol use. 

Hypnagogic hallucination 

Hallucinations when going to sleep. 


Hypnopomplc hallucination Hallucinations upon awakening. 
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DEPRESSIVE DISORDERS 


Depression conies in many forms. The resultant impairment in daily func¬ 
tioning causes clinical concern. The number of symptoms present and their 
duration further characterize the subtype of depression. 

Major Depressive Episode 

At least five of the SIGECAPS criteria present for > 2 weeks, with one being 
depressed mood or loss of interest (see Table 7-24). 

Major depressive disorder: At least one major depressive episode, which 
may occur as a single episode or as recurrent episodes. May be associated 
with psychotic or atypical features, as well as postpartum. No manic or 
hypomanic symptoms. 

Associated sleep changes: Decreased slow-wave sleep, decreased REM 
latency, and early morning awakening. 

Dysthymic Disorder 

Presence of two of SIGECAPS features, more often than not, fora period of 2 
years. Docs not meet criteria for major depressive episode. 


MANIA 


Individuals may have an increase in sexual activity or go on extravagant shop¬ 
ping sprees. The episode must be severe enough to cause impairment in social 
or occupational functioning. The following symptoms must be present for > l 
week: 

Inflated sense of self 
Grandiosity 

Decreased need for sleep 
Increased talkativeness 
Flight of ideas 
Racing thoughts 

increased goal-directed behavior 
Increased involvement in pleasurable activities 


TABLE 7*24, Mnemonic for Criteria of Depression 
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S Steep changes; insomnia or hypersomnia. 


1 

Diminished Interest or pleasure in formerly pleasurable activities. 

G 

Feelings of Guilt or worthlessness. 

1 

Decreased Energy. 

C 

Decreased ability to Concentrate. 

A 

Appetite change; may be decreased or increased with weight gain or loss. 

P 

Psychomotor retardation or slowing. 


S Suicidal ideation or intent 




































Hypomania 

Some manic symptoms without impairment in functioning* 

Cyclothymic Disorder; At least 2 years of Inpomantc symptoms alternat¬ 
ing with periods of depressive symptoms (do not meet criteria for a major 
depressive episode}* 

Bipolar Disorder, Type J 

Single manic episode without history of a major depressive episode. Often cat¬ 
egorized according to the most recent episode (manic vs depressive subtype). 

Bipolar Disorder, Type II 

History of previous major depressive episode with > ) hypomanic episode* 
Must he without history of manic episodes* 


PSYCHOTIC DISORDERS 


Psychosis indicates an altered perception of reality and is a component of sev¬ 
eral psychiatric conditions. 

Schizophrenia 

At least two of the following symptoms must be present for at least 6 months, 
and cause social or occupational impairment: delusions, hallucinations, disor¬ 
ganized speech or behavior, and negative symptoms (flattened affect, alogia, 
nr avolition). 

Subtypes: Paranoid, catatonic, and undifferentiated. 

Schizophreniform disorder: Same as symptoms of schizophrenia, but 
symptoms last more than 1 month and less than 6 months, 

Schizoaffective disorder: Period in which there are symptoms of a major 
depressive episode or manic episode, as well as the symptoms of schizo¬ 
phrenia (discussed above). 

Brief Psychotic Disorder 

Symptoms of schizophrenia lasting > I day and < 1 month* May occur in 
young people and can be associated with life stressors. Requires return to pre¬ 
vious level of functioning. 

Delusional Disorder 

Nonbizzare delusions (delusions that could actually happen in real life, such 
as a significant other cheating) for at least 1 month duration. Occurs without 
functional impairment or bizarre behavior. 


ANXIETY DISORDERS 


May be grouped according to those that occur without exposure to a stressor 
or traumatic experience and those that do. Those that result from exposure to 
a stressor or a stress reaction are discussed in the next section. The rest of the 
anxiety disorders are discussed below. They are unified by the patient having 
some surf of anxiety, either in certain situations, or anxiety that is unrelated to 
a situation, but that the patient cannot control. 
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Panic Attack 

Discrete episode 10 minutes) during wine 1 1 the patient abruptly develops 
an intense feeling of fear or discomfort* Associated with symptoms of sweat¬ 
ing, palpitations, shaking, feeling of choking, shortness of breath, chest pain, 
or nausea. 

Panic disorder: Recurrent panic attacks* The palicut remains concerned 
about additional attacks between episodes. Mav occur with or without ago* 
rapliohia (anxiety about and possible avoidance of being in situations in 
which escape may be difficult or embarrassing). 

Social Phobia 

Fear of social situations in which the patient may be humiliated or embar¬ 
rassed. The fear causes some degree of impairment. This may occur in public 
speaking situations, athletic events, or other social situations such as being in 
a crowded restaurant or in church* 

Specific Phobia 

Unreasonable amount of fear regarding certain situations or objects (he., 
heights, flying, or spiders}* Thoughts about the situation may produce anxiety* 
The patient often recognizes the fear to be unreasonable. Must cause some 
degree of impairment. 

Generalized Anxiety Disorder 

Uncontrollable anxiety or excessive worn occurring more often than not for 
at least 6 months. Anxiety results in restlessness, irritability, easy fatigability, 
muscle tension, difficulty concentrating, and sleep disturbance. 

Obsessive-Compulsive Disorder 

Presence of obsessions, compulsions, or both IhaL the individual recognizes 
as excessive or unreasonable, and that causes marked distress or interference 
with the person s normal routine* 

Obsessions: Recurrent thoughts or impulses that cause anxiety or distress. 
Examples include recurrent thoughts of injury occurring to one's lined 
ones despite knowing they arc safe, or driving a car and thinking that one 
might have struck a pedestrian* 

Compulsions: Repetitive behaviors (hand washing, praying, or repetition 
of words) that an individual feels compelled to perforin. 


STRESS REACTIONS 


Pari of the larger grouping of anxiety disorders. Separated here because all 
three are related, he*, they result from exposure to a certain stressor and differ 
in terms of their duration, 

Post-Traumatic Stress Disorder 

Occurs after a traumatic event in which the individual experienced or wit¬ 
nessed threatened death or serious injury to themselves or others. Symptoms 
include avoidant behaviors, feelings of emotional numbness, hypcrvigilancc, 
insomnia, and angry outbursts lasting a I least 1 month* A key component is re- 
experiencing the event (in a variety of ways), 

*i Flashbacks 

Dreams or nightmares 
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Recurrenl intrusive thoughts of the event 
Distress when exposed to a similar event 

Acute Stress Disorder 

Symptoms are similar to those of PTSD. Lasts > 2 days and < 4 weeks. Must 
occur within 4 weeks of the traumatic event. 

Adjustment Disorder 

Occurs following exposure to a psychological stressor (e.g., moving, divorce, 
or family death). Resultant emotional symptoms (depression and anxiety) 
cause significant functional impairment. Lasts < 6 months. 


SOMATOFORM DISORDERS 


Defined as physical symptoms that seem as if they are part of a general medi¬ 
cal condition; however, no general medical condition, other mental disorder, 
or substance is present. Psychological conflicts may be manifest as physical 
problems or complaints. T he patient has no conscious awareness of the moti¬ 
vation behind the complaints, and they are not intentionally produced. In 
contrast to factitious disorder and malingering, secondary gain is not respon¬ 
sible for symptoms. 

Somatization Disorder 

Numerous physical complaints over several years beginning earlier than age 
>0 resulting in impairment of function and treatment-seeking behavior. No 
evidence for symptoms can be found on clinical investigation. 

Symptoms; Four pain symptoms, two Cl symptoms, one sexual symptom, 
and one pscudoneurological symptom. 

Symptoms not intentionally produced or feigned. 

Conversion Disorder 

At least one sensory or motor symptom suggesting a neurological problem. 
No cause can be Found after clinical investigation. 

Example; A young woman complains of blindness after witnessing a mur¬ 
der even though she drove herself to the doctor's office. 

Symptoms are not intentionally produced or feigned. 

Hypochondriasis 

Preoccupation with the fear of having a serious disease based on misrepre¬ 
sentation of body symptoms. Preoccupation persists despite adequate medi¬ 
cal evaluation and reassurance. Symptoms cause significant distress. Lasts <6 
months. 

Body Dysmorphic Disorder 

Perceived defect in appearance. Concern is markedly excessive even in the 
presence of slight physical defects and causes significant impairment 

Example; A young female seeks plastic surgery for the fourth time because 
“her nose is huge and bumpy," despite a normal appearance. 


in 





FACTITIOUS DISORDER AND MALINGERING 


While paliciits with the somatoform disorders have an unconscious drive to 
their disorders, patients with factitious disorder and malingering have con¬ 
scious motivation of secondary gain* Secondary gain mav include assuming 
the sick role, obtaining monetary benefit, or avoiding jail or military service. 

Factitious Disorder 

Intentional production of physical signs nr symptoms in order to assume the 
sick role. There is no external motivation (economic gain or avoidance of 
legal liability). 

Malingering 

Intentional production of false or exaggerated physical symptoms associated 
with external gain (e.g*, financial gain, avoiding military duty, or avoiding 
criminal prosecution). 


DISSOCIATIVE DISORDERS 


All involve temporary alterations in identity, memory, or consciousness and 
are recognized as separate entities based on what information is affected* 
With amnesia, it may be events or information* while with fugue states the 
emphasis is loss of personal identity followed by travel away from one's home* 
Dissociative identity disorder is the condition classically known as “multiple 
personalities.” 

Dissociative Amnesia 

At least one episode of inability to recall important personal information fol¬ 
lowing stress or traumatic exposure* hailed recall is too extensive to be attrib¬ 
utable to forgetfulness. 

Dissociative Fugue 

Sudden, unexpected travel away from home and assumption of a new identity 
with inability to recall ones past, 

[Example: A 45-year-old married female teacher disappears from home 
only to reappear in a new town as a waitress and remarry. When her first 
husband appears, she docs not know who he is* 

Dissociative identity Disorder 

Formerly known as “multiple personality disorder” The presence of two or 
more distinct personality states, each with its own distinct way of relating to 
the environment and itself. 

Depersonalization Disorder 

Persistent or recurrent experiences nf feeling detached from ones body nr 
mental processes* 


SUICIDE 


Recognizing risk factors and key points arc high-yield topics. Suicide is I lie 
eighth leading cause of death for men. Men are four times as likely In die 
from a suicide attempt as women, while women are three times as likelv as 
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men to attempt suicide. According to the CDC, just over 30,000 people died 
of suicide in 2001, 

Risk factors: Age (teens and the elderly>. depression, previous attempts, 
drug or alcohol use, medical illness, being single, lack of social support, 
having a suicide plan. 

Key points: Attempts: Female > male. Completions: Male > female. 


SUBSTANCE ABUSE 


Maladaptive pattern of substance use leading to functional impairment- 
Symptoms must have never met the definition of substance dependence (see 
Table 7-2^): 

Failure to fulfill home or work obligations. 

Repeated use in hazardous situations (t\g., drunk drivingi. 

Recurrent associated legal problems. 

Continued use despite social or interpersonal problems related to sub¬ 
stance use. 


SUBSTANCE DEPENDENCE 


Maladaptive pattern of substance use leading to functional impairment as well 
as tolerance, withdrawal, desire or inability to cut down, significant amount 
of time spent obtaining the substance, reduced social or occupational activity 
due to substance use, or continued use despite deleterious health effects. 

Tolerance: Need for increased amounts of substance to achieve the same 
effect, or diminished effect following use of the same amount of substance. 
Withdrawal: Characteristic withdrawal symptoms of a particular.substance. 


delirium 


Acute disturbance of consciousness with change in cognition, reduced ability 
to focus attention, or perceptual disturbance. The course tends to fluctuate 
throughout the day. Must not be accounted for by pre-existing dementia. 

Delirium versus dementia: Delirium is more acute in onset and follows a 
waxing and waning course. 

Common causes: Metabolic causes, electrolyte disturbances, diabetes, 
thyroid disease, dehydration. Pharmacologic therapy is a frequent cause, 
particularly anticholinergics, sedatives, antidepressants, NSAIDs, steroids, 
antibiotics, cimetidine, L-dopa, and several others. Other causes include 
infection, fever, hypoxia, and head trauma. 


DEMENTIA 


Development of memory impairment along with multiple other cognitive def¬ 
icits, such as language disturbance, apraxia, agnosia, or disturbance in execu¬ 
tive functioning. Deficits cause significant impairment in functioning. Must 
not he related to other medical or CNS disorders (see Tabic 7-26). 

Apraxia: Defined as the inability tn make a voluntary movement in spite 
of normal muscle function. An example would be asking a patient In dem¬ 
onstrate how they brush llieir hair or throw a baseball, and they cannot 
despite normal strength. 












table 7-25, Drugs of Abuse and Their Effects 
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Drug 

Intoxication 

Withdrawal 

Alcohol 

Disinhibition, emotional lability, slurred speech, ataxia, 
coma, blackouts. 

Tremor, tachycardia, hypertension, malaise, nausea, 
seizures, delirium tremens (life-threatening), 
tremulousness, agitation, hallucinations. 

Opioids 

CNS depression, nausea and vomiting, constipation, 
pupillary constriction, seizures. 

Anxiety, insomnia, anorexia, sweating, dilated pupils, 
pil Derecti on, fever, rhinorrhea, nausea, stomach 
cramps, diarrhea, yawning. 

Amphetamines 

Agitation, impaired judgment, pupillary dilation, 
hypertension, tachycardia, euphoria, prolonged 
wakefulness and attention, arrhythmias, delusions, 
hallucinations, fever. 

Post-use “crash” including depression, 
lethargy, headache, stomach cramps, hunger, 
hyper somnolence. 

Cocaine 

Euphoria, agitation, impaired judgment, tachycardia, 
pupillary dilation, hypertension, hallucinations, 
paranoia, angina, sudden cardiac death. 

Post-use “crash" including depression and suiddalrty, 
hyper somnolence, fatigue, malaise, craving. 

Phencyclidine (PC?) 

Belligerence, impulsiveness, fever, agitation, 
nystagmus, tachycardia, ataxia, homiridality, psychosis, 

delirium. 

Recurrence of intoxication symptoms due to 
reabsorption in the Gl tract; sudden onset of severe, 
random, homicidal violence. 

Lysergic add 
diethylamide (LSD) 

Anxiety, depression, delusions, hallucinations, 
flashbacks, pupil dilation. 

No recognized withdrawal symptoms. 

Marijuana 

Euphoria, anxiety, paranoia, slowed time perception, 
poor judgment, social withdrawal, increased appetite, 
dry mouth, hallucinations. 

No recognized withdrawal symptoms. 

Barbiturates 

Respiratory depression (more profound than with 
benzodiazepines). 

Anxiety, seizures, delirium, cardiovascular collapse. 

Benzodiazepines 

Amnesia, ataxia, somnolence, minor respiratory 
depression. Additive with alcohol. 

Rebound anxiety, seizures, tremor, insomnia. 

Caffeine 

Restlessness, insomnia, diuresis, musde twitching, 
arrhythmias. 

Headache, lethargy, depression, weight gain. 

Nicotine 

Restlessness, insomnia, anxiety, arrhythmias. 

Irritability, headache, anxiety, weight gain, craving. 
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Agnosia: Loss of ihe ability to interpret stimuli and usually classified 
according to the type of senses that are affected. This may include not 
recognizing faces of people familiar to the patient, fir not recognizing an 
object (e.g, ¥ coin or paper clip) placed in the hand while their eyes are 
closed. 

Types: Alzheimer's, vascular (multi-infarct), and frontotemporal, among 
others. 
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TABLE 7 - 26 . Types of Dementia and Their Characteristics 


Type of Dementia 
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Points to Remember 

Alzheimer's disease 

Associated with diffuse cortical atrophy and cognitive deficits along 
with acetylcholine (ACh) deficiency. 

Vascular (multi- 
infarct) dementia 

Chronic stepwise cognitive decline In patient with long-standing 
uncontrolled hypertension. 

Frontotemporal 

dementia 

Chronic dementia that typically presents with language deficits and 
behavioral changes. 

Alcohol-related 

dementia 

Dementia in the setting of chronic alcohol abuse. This is one of the 
few dementias that may be reversible. 

AfDS-re(ateef 

dementia 

Many HtV and AIDS patients may go on to develop dementia as an 

effect of the virus on their CNS. 

Creutzfeldt-Jakob 

disease (OD) 

Dementia accompanied by ataxia and other signs of 
neurodegenerative disease in a setting of prion disease. 

Parkinson's disease 

An Alzheimer's type dementia is usually associated in most patients 
with Parkinson's disease (pilf-rolfing tremor, masked fades, 
shuffling gait). 


EATING DISORDERS 


Involve an unhealthy body image by the patient and a desire to be thin. 
Both are related to control issues and obsessive-compulsive traits. On a test, 
anorexia will involve failure to maintain normal weight for height along with 
menstrual changes, while bulimia will be more associated with binging and 
purging behavior. 

Anorexia Nervosa 

Refusal to maintain weight > SS % of ideal bod}' weight. Seen frequently in 
adolescent females \\ ith “type A" personalities. 

Amenorrhea: Must have absence ot menstrual periods for 3 months for 
(his diagnosis (in females). 

Associations: Intense fear of becoming Fat, poor body image despite being 
thin, and depression. 

Bulimia Nervosa 

Recurrent episodes of binge-purge behavior. Individuals will eal a great deal 
of food with a sense of lack of control over eating, followed by compensatory 
purging behavior (self-induced vomiting, laxative or diuretic abuse, fasting, or 
excessive exercise), Episodes occur > 2/wcefc for 3 months. 

Associations: Parotitis, enamel erosion, electrolyte disturbance, and dorsal 
hand calluses (from induction of vomiting). 


*l 
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PERVASIVE DEVELOPMENTAL DISORDERS 


All arc characterized by pervasive and severe impairment in several areas to 
include social and communicative skills, as well as the presence ofstereotvped 
movements and behaviors. However, the similarities end there. Some, like 
Rett’s disorder and childhood disintegrative disorder, involve totally normal 
development until a certain time, followed by growth abnormalities and loss 
of previously learned skills. 

Autistic Disorder 

Present in childhood with impaired social interactions and communica¬ 
tion deficits. Do not form relationships with others. Have poor eye contact. 
May also be adherent to routines and can display stereotyped movements/ 
behaviors. 

Asperger's Disorder 

Similar to autism but less severe. Lacks language/communication deficits. 

Rett's Syndrome 

Only affects females (affected males believed to die in utero). Development 
is normal until 5 months of age, with a subsequent deterioration to include 
deceleration of head growth and loss of previously acquired motor skills. 

Childhood Disintegrative Disorder 

Apparently normal development for the first 2 years of life with subsequent 
deterioration including loss of motor and communicative skills. 


DISRUPTIVE BEHAVIOR DISORDERS 


Group of disorders of children and adolescents that consist of behavior that 
v iolates social norms, is disruptive, and may he illegal. Disorders occur along 
a spectrum. Remember that oppositional defiant disorder is more defiance 
and verbal rebellion toward authority figures, while conduct disorder is usu¬ 
ally destructive behavior that harms others or property. 

Attention Deficit/Hyperactivity Disorder 

Symptoms must begin prior to age 7 and be present in two or more social situ¬ 
ations (i.e., at school and at home). There are two subtypes. 

Inattentive: Difficult)’ sustaining attention, poor attention to detail in 
homework, and easily distracted. 

Hyperactive/Impulsive: Fidgeting, difficulty remaining seated in class, 
excessive talking, and difficulty awaiting one's turn. 

Oppositional Defiant Disorder 

Hostile and defiant behavior lasting >6 months. Child or teenager is argu¬ 
mentative with authority figures and refuses to obey rules. Absence of crimi¬ 
nal behavior (compared with conduct disorder). 

Conduct Disorder 

Pattern of behavior in which social norms and rights of others are violated. 
May display aggression to other people ur animals, destruction of property, 
theft, and rule violations. Individuals may go on to develop antisocial person¬ 
ality disorder. 







TIC DISORDERS 


Can be verbal, motor, or both. Remember that Tourette s syndrome has both 
motor and vocal components, while transient and chronic tic disorders have 
one or the other. Note that the only difference between transient tie disorder 
and chronic tic disorder is the time course. 

Tourette's Syndrome 

Presence of both motor and vocal tics (not necessarily concurrently) several 
times a day over the course of I year, with no tie-free period of > 3 months. 
Onset before a^c 18. 

Transient Tic Disorder 

Motor or vocal tics that occur several times a dav for at least 4 weeks hut less 
than 1 year. Onset before age 18. 

Chronic Motor or Vocal Tic Disorder 

Single motor or vocal ties (but not both) occurring for > I year without a tic- 
free period of more than v months. Onset before age 18. 


ELIMINATION DISORDERS 


Elimination disorders involve children that are bevond the age hpical of suc¬ 
cessful toilet training, having inappropriate passage of urine or feces. Causes 
may be medical and/or psychiatric. 

Enuresis 

Repeated urination in bed or clothes at least twice a week for 3 months. Child 
must be at least 5 years of age. 

Encopresis 

Repealed defecation in inappropriate places at least once a mnnth for at lcasl 
s months. Child must he at least 4 years of age. 


OTHER CHILDHOOD ANO EARLV-ONSET DISORDERS 


Mental Retardation 

Significant below-avenigc intellectual and adaptive functioning with the onset 
before age 18. Graded into mild, moderate, severe, and profound, based on 
IQ scores. 

Separation Anxiety Disorder 

Inappropriate and excessive anxiety about being away from individuals the 
patient has close relationships with (e.g., mother, father, or grandparent). 
Manifests as excessive worry; distress when separated, or reluctance to engage 
in events that separates the patient from the individual (going to school). May 
lead to nightmares or physical complaints (upset stomach). 

Reactive Attachment Disorder 

Formation of socially inappropriate attachments or relatcduess beginning 
before 5 years of age. The child either makes nn significant nr obvious social 
relationships, or the child may develop diffuse emotional attachments lo 










many individuals, Occurs when basic emotional needs of the child have nol 
been met (frequent change of primary caregiver). 


PERSONALITY DISORDERS 


Occur when personality traits become inflexible and maladaptive causing 
impairment in social or occupational functioning. Patients with PDs lack 
insight into the problem. Usually diagnosed in adulthood. 

Personality traits: Persistent pattern of relating to nr interaction with the 
environment or others. 

“Clusters”: Personality disorders arc categorized by overarching char¬ 
acteristics into three clusters: A (the "weird"). B (the “wild"), and C (the 
"worried"). 


PERSONALITY DISORDER: CLUSTER A 


The “weird." Odd or eccentric. Cannot develop meaningful personal relation¬ 
ships, No psychosis, but genetic association with schizophrenia. 

Schizotypal PD 

Awkwardness in interpersonal functioning, odd beliefs, and “magical" think¬ 
ing (superstitiousness, bizarre fantasies), licccntric appearance. Acute discom¬ 
fort with and reduced capacity for interpersonal relationships. 

Schizoid PD 

These individuals avoid personal relationships. Also have restricted range of 
emotional expression. These individuals do not desire close relationships, and 
choose solitar\ activities. No magical thinking as with schizotypal PD. 

Paranoid PD 

Pervasive distrust and suspiciousness of others. Preoccupation with per¬ 
ceived lack of loyalty and trustworthiness of friends and significant others. 
Bears grudges and constantly finds hidden meanings in otherwise harmless 
comments. 


PERSONALITY DISORDERS: CLUSTER B 


The “wild." Dramatic, emotional, or erratic. Strong associations with sub¬ 
stance abuse and mood disorders. 

Antisocial PD 

Disregard for and violation of the rights of others. Significant criminal behav¬ 
ior, as well as significant criminal record without remorse tor actions. Must he 
at least IS years of age, as well as have a history of conduct disorder prior to 
age 15. Males > females. 

Borderline PD 

Pervasive pattern of unstable relationships, poor self-image, labile mood, and 
impulsivitv. Recurrent self-injurious behavior (i.c., "cutting”): may even he 
suicidal. May engage in "splitting" (relationships are all good or all bad). Fre¬ 
quent outbursts and difficulty' controlling anger. Female > male. 
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Histrionic PD 

Excessively emotional; seeks attention. Desires to constantly be tlic center ot 
attention, and may be sexually provocative or inappropriate. Uses physical 
appearance to draw attention to self. Often thinks relationships are more inti¬ 
mate than they are in reality. 

Narcissistic PD 

Pervasive pattern of grandiosity', increased sense of self, need tor admiration, 
and lack of empathy for others. Believes that they are "special" and think they 
are entitled to special treatment, as well as want to associate with the "best of 
the best" (i.c., may want to be treated by the chief of the medical department 
rather than a resident). 


PERSONALITY DISORDERS: CLUSTER C 


The “worried”: Anxious or fearful. Genetic association with anxiety disorders. 

Avoidant PD 

Displays social inhibit ion and feelings of inadequacy; timid and sensitive to 
rejection. Avoid interpersonal relationships for fear of rejection. Unlike schiz¬ 
oid PD* desires personal relationships, although may not have many. 

Obsessive-Compulsive PD 

Displays preoccupation with orderliness, perfectionism, and control, at the 
expense of flexibility and efficiency. Perfectionism may interfere with task 
completion, as well as social interactions. Prone to hoarding worn-out or 
worthless objects, and particularly frugal or miserly with finances. 

Dependent PD 

Needs to he taken care of that leads to submissive and clingy behavior as 
well as fear of separation. Difficult)- making decisions, as well as disagreeing 
with others. This may manifest as the wife who is physically abused by her 
husband, but stays in the relationship nonetheless, possibly even placing the 
blame for the abuse on herself. 
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Men without testosterone may 
have normal external male genitalia. 
Wolffian duct system regression 
causes delayed puberty in men. 



KEY FACT 


Allantois -> urachus median 
umbilical ligament (not to be 
confused with the medial 
umbilical ligament, which is 
the remnant of the umbilical 
arteries). 

Following a failure of obliteration of 

the allantois, a patent urachus 
can result in an urachal fistula 

at birth. 

Urogenital sinus urinary bladder 
and urethra. 



The urinary system is derived from the intermediate mesoderm on the pos¬ 
terior wall nf the abdominal cavity (sec Table S*I). It forms three kidney sys¬ 
tems, namely, the pronephros, mesonephros, ami metanephros: 

Pronephros: Forms first, is non ft i notional, and disappears by end of fourth 
week. 

Mesonephros: bonus after regression of the pronephros and forms the 
mesonephric (wolffiau) duet. 

Wolffian duet: Paired organ that connects the primitive mesonephros 
to the cloaca. The presence or absence of testosterone in ulero deter¬ 
mines which adult analogues it will form. 

Metanephros: Forms the definitive kidney. 

Potter's Sequence 

Palters sequence develops as a result of malformation of the ureteric hud, 
which results in bilateral renal agenesis. During normal fetal development, 
the fetus continuously swallows amniotie fluid, which is reabsorbed by the Cl 
tract and then reintroduced into the amniolic cavity by the kidneys via uri¬ 
nation. Fetuses affected with this condition are unable to eliminate the swal¬ 
lowed fluid, which results in oligohydramnios (decreased amniotie fluid}. 

Presentation 

The deformities found in Potters sequence can he divided into three groups. 

Limb deformities: Clubfoot, flipper hands, hypercxtcnsible joints, and 
compressed thorax. 

Facial deformities: Sloping forehead, flattened nose, recessed chin, and 
low floppy cars. The fetus cannot float in the amniotie sac due !o the 
decreased volume of amniotie fluid, so limb and facial deformities result 
from compression of the fetus against the walls of amniotie sac throughout 
development. 


TABLE 8-1. Renal Development 


Portion of 

Kidney 

Embryonic Origin 

Adult Structures 

Excretory 

Derived from primary 

Glomerulus, 

system 

nreronephric mesoderm. 

Bowman's capsule. 


Loop of Henle. 

Distal collecting tubule. 
Collecting system. 


Collecting 

Outgrowth of the mesonephric 

Major/minor calyces. 

ducts 

duct joins the metanephros to 
form the ureteric bud. 

Renal pelvis. 

Ureters (splitting of the ureteric bud can 
result in double ureters). 


















MNEMONIC 


Pulmonary hypoplasia: Petal lungs mature through swallowing of amnion 
which allows the lungs to expand: thus decreased amnion causes decreased 
expansion of the lungs, 

Prognosis 

Incompatible with neonatal lilc. 


w 

Babies with Potter's can’t Pee in 
utero. 


Pelvic Kidney 

During development, the embrvologie kidneys ascend from the pelvis to 
their adult position along tire posterior abdominal wall. The kidneys must 
pass under the umbilical arteries in this process. If a kidney is unable to pass 
beneath an umbilical artery, it will remain in the pelvis. Incidence is 1 in 900 
births. 


Presentation 

Obstructive hydronephrosis and vesicouretcric reflux are seen in association 
with renal ectopy. Affected patients may present with pain or infection related 
to these conditions (e.g., pyelonephritis and renal stones). Many eases are 
clinically silent and are often discovered incidentally. 

Diagnosis 

Found incidentally on imaging for symptoms of associated anomalies. 

Treatment 

Treatment is generally surgical although surgery can be challenging due to 
the aberrant anatomy. 

Prognosis 

Prognosis is related to the underlying urologic disease. 

Horseshoe Kidney 

While ascending from their position in the pelvis under the umbilical arteries, 
the kidneys are sometimes pushed close together, causing the lower poles to 
fuse (fusion anomaly). The resultant horseshoe-shaped kidney will continue 
to ascend until it is trapped under the inferior mesenteric artery (sec Figure 
8-1}. It is rare in females and if found should prompt work-up for Turner’s syn¬ 
drome (7% of Turner’s patients have this defect). 



figure b -1. Horseshoe kidney. (Courtesy of PK IK Digital I jbrary [hllp://pcir.tiei . 
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Presentation 

Ninety percent are asymptomatic and found incidentally. Most common pre¬ 
sentation is urinary tract infection (UT1) followed by symptoms of obstruc¬ 
tion, hematuria, or abdominal pain. Predisposes In nephrolithiasis. 

Diagnosis 

Intravenous pyelogram (IVP) shows diagnostic features of rotated calyces, 
hut does not demonstrate the isthmus. A dimercaptosuccinic acid (DMSA) 
scan will show tire isthmus. 

Treatment 

Usually not necessary unless warranted by symptoms. The renal isthmus can 
be surgically divided. 



Anatomy 


/iifillillJlllV 


POSTERIOR ABDOMINAL WALL 


The posterior abdominal wall is supported by several large muscles attached 
to the bony thorax, vertebral column, and pelvic bones. It is atop these mus¬ 
cles and their skeletal insertions that the retroperitoneal structures arc found. 
Table 8-2 details these muscles and their innervation, blood supply, and 
actions. 


RETROPERITONEAL STRUCTURES 


Much of the urinary system is comprised of retroperitoneal organs. (Other 
retroperitoneal organs include the pancreas [except the tail], duodenum [sec¬ 
ond, third, and fourth parts], ascending colon, descending colon, aorta, I VC. 
rectum, and adrenal glands [see Figures 8-2 and 8-3]). 


Table 0*2. Muscles of the Posterior Abdominal Wall 


111 iitiihHHii iitmwiiaHmiiHCititmiw 

Origin/Insertion 

Innervation 

Blood Supply 

Actions 

Psoas major 

Vertebral column 
(T12-L5) to the lesser 
trochanter of the femur 

Ventral rami of U-3 

Muscular branches of 

the medial femoral 
circumflex artery. 

Flexes thigh and trunk and 
laterally rotates the hip. 

Psoas minor 

Vetebral column 
(TI2-U) to the 
pectineal line. 

Anterior rami of lumbar 

nerves L1-L2 


With the psoas major, 
flexes the trunk at the hip 
and stabilizes the thigh. 

Hiatus 

Iliac fossa to the lesser 

trochanter of the femur. 

Femoral nerve (L3-L4) 

Muscular branches of 

the medial femoral 

circumflex artery. 

Powerful hip flexor and 

lateral rotation. 

Quadratic lumborum 

Transverse processes 

of L3-L5 to the lower 

Ventral branches of T12 

and L1-L4 


Extends and laterally 
flexes vertebral column. 


border of the 12th rib. 


iriminiiuM 


rililinUM«n 


vunimiiom 
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FIGURE 8 - 2 . Schematic representation of the retroperifoneum. 1 - duodenum (second, 
third, and fourth parts); 2 = descending colon: 3 - ascending colon; 4 = kidney and ureters; 5 = 
pancreas (except the tail); 6 = aorta; 7 - inferior vena cava. The adrenal glands and rectum arc 
not shown in this diagram. 


Kidneys: Located at the level of TI2-L3 on lire left and slightly lower on 
the right due to the liver, these are embedded in Gerota’s fascia (loose 
connective tissue). 

Ureters: Descend from their origin at the renal pelvis along the psoas mus¬ 
cle, cross the bifurcation of the common iliac artery, pass under the uter¬ 
ine artery and vas deferens, and then join with the bladder in its posterior- 
inferior portion. 

Bladder: Situated beneath the peritoneum within the bony pelvis. 


r*; 


MNEMONIC 


Water (ureters) under the bridge 

(artery and vas deferens). 


Kidney 

The kidney (see Figure 8-4) is a retroperitoneal organ situated on the medio- 
lateral aspect of the posterior abdominal wall* The point of maximal concavity 
(hthun) is the site where ihe renal arteries and veins, as well as the ureters, 
adjoin I he kidney. 

Arterial supply: Renal arteries are branches of the abdominal aorta. 
Venous return: Renal veins drain into the I VC. 

Left renal vein: Also drains blood from the left gonad and is longer than 
the right renal vein (must cross the aorta to join the IVC). 

Lymphatic drainage is lo the lumbar nodes, nerve supply is via the thoracic 
splanchnic nerves. 



KEY FACT 

L_ 


Right gonadal vein drains into the 
inferior vena cava* 

Left gonadal vein drains into the 
left renal vein. 



FIGURE 3*3. Normal non contrast CT image of the kidneys. Note I lie smooth contour and 
relative symmetry of I he kidneys and iheir sharp interface vvilli the perirenal faL (Reproduced, 
with permission, from Chen MYM, Pope TL, Oil D). Basic RacfWogy. New York: McGraw- 
Hill, 2004; 230) 
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Renal 


Renal vein 


Ureter 


Medulla 


Minor calyx 


Major calyx 


FIGURE 8 - 4, Gross anatomy of the kidney section. 


The kidney itself is covered in a cartes of fibrous tissue. Beneath this cortex, 
the medulla and the functional components of the kidney are found. The 
medulla is comprised of the early portions of the urinary collecting system 
(the direction of urinary drainage): 

Renal pyramids 
Renal papillae 
Minor calyces 
Major calyces 

The major calyces join to form the renal pelvis, a dilatation of the collection 
svstem before the take off of the ureters. 

Ureters 

Hie ureters course distal lv through the t el rope ntoneum before crossing I he 
pelvic brim near (and anterior to) the bifurcation of the common iliac arterj 
into the internal and external iliac arteries. 'Hie ureters pass under the uter¬ 
ine arterv and the ductus deferens. However, they pass over the common 
iliac arteries. They cross the pelvic brim just anterior to the origin of the com¬ 
mon iliac arteries. 

Bladder 

The ureters join the bladder at its posterior-inferior portion, forming two 
points of the urinary trigone. The bladder is an expandable and collapsible 
organ comprised of several layers. 

Urethra 

The urethra is lined by transitional epithelium as it csils the bladder. Il (hen 
becomes stratified columnar followed by stratified squamous as it nears the 
meatus. The urethra differs in males and females: 






Male Urethra 

Four anatomical divisions: 

ProshiHc: Passes through the prostate gland. 

Membra nous: Surrounded by striated muscle, which forms the voluntary 
external urethral sphincter (weakness produces urinary incontinence). 

Bulbous. 

Pendulous: Surrounded by Littrc’s glands. 


•>1 


CLINICAL 

CORRtLATION 


Female Urethra 

Much shorter than tlic male urethra, which predisposes women to an 
increased risk of UTIs. It is lined by stratified squamous and pscudostrnti- 
fied columnar epithelium. At its mid-port ion, it is surrounded by the striated 
muscle of the voluntary external urethral sphincter. The female urethra is also 
surrounded by Littre’s glands. 


As men age, the prostate expands 
(benign prostatic hypertrophy), and 
the urethra becomes compressed, 
leading to possible urinary retention. 



An overview of the histological characteristics of the respective structures that 
form the renal system is provided in Table 8-T 


NEPHRON 


The nephron is the primary functional unit of llie kidney. It is the body’s fil¬ 
tration system, as it removes substances from 1 lie blood and creates mine. It is 
composed of the renal corpuscle and the tubular system (see Figure So). 


TABLE B - 3. Histological Characteristics of the Respective Renat Organs 


Structure 

Histology 

Glomerulus 

Fenestrated endothelium. 

Bowman's capsule 

Epithelium with two layers: visceral layer and parietal 
layer. 

Proximal convoluted tubule (PCT) 

Simple cuboidal epithelium with brush border. 

Loop of Henle 

Thick descending loop; thin descending loop; thin 
ascending loop; thick ascending loop. 

Distal convoluted tubule (DCT) 

Simple cuboidal epithelium without brush border. 

Collecting tubules 

Simple cuboidal epithelium. 

Collecting ducts 

Columnar epithelium. 

Renat calyces 

Transitional epithelium. 

Renal pelvis 

Transitional epithelium. 

Ureters 

Transitional epithelium. 






















































thin descending limb 

figure 0 - 5 , Major anatomic divisions of the nephron, {Modified. with permission, ham 
Morgan OF.. Mikhail MS. Murray M). Ctmkat Amsthcsinlmy, -4lli etk New York: McCnnv- 
I lill. 2006, :is modified from Canons \VK Review of A Wired Phvsmhgy. 22 nd ecf New York: 
McOraw-1 till. 2fKI5: 700.) 



KEY FACT 


Glomerulus + Bowman's capsule = 
Rena) corpuscle, 


Renal Corpuscle 

The renal corpuscle is the primary filtering component of the nephron and is 
composed of two distinctive functional units: the glomerulus and Bowmans 
capsule. 


CLINICAL 

CORRELATION 


Damage to this filtration barrier 
allows larger molecules, including 
proteins, to cross the filter, resulting 

in proteinuria. 



Proteinuria is a cardinal symptom 

of the nephrotic syndrome. 


Glomerulus 

\ collection of dilated capillaries with fenestrated endothelium, winch emerge 
from tire afferent arteriole and drain into the efferent arteriole. 

Bowman's Capsule 

Double-walled epithelial capsule (sec Figure S-6), that encloses the glomeru¬ 
lus. Bowmans capsule is the site of blood filtration and consists of two func¬ 
tional layers, viscera! and parietal, divided by the urinary space. 

The visceral layer is a specialized outer lit ting on glomerular capillaries 
that filters the blood in these capillaries, creating a filtrate in the urinary 
space. The specialized lining includes: 

Podocytes, which rest on the basement membrane (see Figure 8-7) 
Primary processes 
Foot processes 

The parietal layer forms the other covering of the renal corpuscle, and is 
lined bv a simple squamous epithelium supported by a basal lamina. This 
laver is continuous with I he proximal convoluted tubule (PCD. 
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figure 8 - 6 . Components of the renal corpuscle (H&i, normal kidney)* 1 = Bowman $ 
space; 2 - Bowmans capsule, visceral layer; > - Bowmans capsule. parietal layer; 4 = macula 
tlcusa; 5 iulraglomemlar mesangial cell; 6 - cxtraglomcriilar mesangial eel!; 7 arteriole; 

S - capillary, peritubular; 9 capillary; glomerular. fCmule&y of Uniformed Services Univer¬ 
sity of the Health Sciences.} 


The urinary space is found between the visceral and parietal layers. 
At this point, filtrate collects after passing through the fenestrated capil¬ 
lary endothelium of the glomerulus and the visceral layer of Bowmans 
capsule. 

Tubular System 

The renal tubular system is divided into several functional units: PCT, loop 
of Ucnle, distal convoluted tubule (DCT), collecting tubules, and collect¬ 
ing ducts. 



FIGURE a-7. Electron photomicrograph of podocytes. ] - Podocytecell bodies; 2 = 
inlerdigitatiug pedicles; 3 - liutaculae; 4 - Bowmans space. {Courtesy of Uniformed Services 
l hiiv'ersity ol the iieallli Sciences.) 







Proximal Convoluted Tubule 

I lie lumen is lined with simple cuhoidal epithelium containing a microvil¬ 
lous brush border (see Figure 8-8). Extensive inlcrdigitations between tlie lat¬ 
eral borders of the cells prevent the escape of fluid and molecules from the 
tubule. 

Loop of Henle 

A specialized system that handles absorption and secretion of electrolytes, 
small molecules, and water. It consists of a thick descending loop, a thin 
descending loop, a thin ascending loop, and a thick ascending loop. 


Distal Convoluted Tubule 

Fined with simple cuhoidal epithelium. However, it docs not have a brush 
border, distinguishing it from the PCI (see Figures 8-9 and 8-10). 

Collecting Tubules 

These units are lined with simple cuhoidal epithelium. They transport the 
urine from the functional part of the nephron towards the kidney’s hiiuin. 

Collecting Ducts 

Lined with columnar epithelium. 

Cortical and Juxtamedullary Nephrons 

Most of the kidney's nephrons are located in the renal cortex. However, the 
glomerulus of some nephrons is located near the junction of the kidney’s cor¬ 
tex and medulla. These nephrons are referred to as juxtamedullary nephrons. 

Juxtamedullary nephrons are central in the filtration, absorption, and 
secretion of urine. Via exceptionally long loops iff Henle, they establish 
the hypertonic gradient in the kidney which regulates the production of 
concentrated urine. The loops extend deep into the medulla, and consist 


2 4 



figure b-b. Structure of the proximal convoluted tubule. I - lEndocytic vacuoles; 2 = 
basement membrane; 3 = brush border, -I = twosomes; 5 = peritubular capillaries. (Courtesy of 
Uniformed Services University nfthe Health Sciences.) 
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FIGURE b * 9 . Electron photomicrograph of the distal convoluted tubule. I = Nucleus; 
2 - lumen; ^ - basal mitochondria in compartment (formed by inlcrdighating membranes); 
‘t - basal lamina. (Courtesy of Uniformed Services University of the Health Sciences,) 


of a short thick descending limb, a long thin descending limb, a long thin 
ascending limb, and a short thick ascending limb. 

Cortical nephrons have a short thin descending limb and do not have a 
ill in ascending limb. 


JUXTAGLOMERULAR APPARATUS 


The juxtaglomerular apparatus (JGA) consists of macula densa cells found 
in the proximal portion nf the distal tubule, and juxtaglomerular cells found 


4 



FIGURE e -1 o. Proximal and distal convoluted tubules. I - Proximal convoluted tubules; 
2 - distal convoluted tubules; 3 = brush border; 4 - renal capsule. (Courtesy of Uniformed Ser¬ 
vices University of the Health Sciences.) 
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FIGURE s* i i, Juxtaglomerular apparatus. I = Macula dcnsa; 2 - PCT; i = DOT; 4 - 
intragloMicmlar mesangial cells; 5 - cxtrnglomembr mesangial cells; 6 - thick afferent limb; 
7 - efferent arterioles. (Courtesy of l Ini formed Services University of the Health Sciences.) 


m the walls of the afferent and efferent arterioles (see Figure 8-11). The JGA 
functions to control GFR in response to BP in the afferent arterioles. 


Angiotensin ll -> cells contract -> 
vasoconstriction and reduced 
glomerular flow, 

Natriuretic factor —* celts relax 
—> vasodilation and increased 
glomerular flow. 


Macula Oensa 

A specialized group of epithelial cells in the distal tubules that come in close 
contact with the afferent and efferent arterioles. The cells of the macula dcnsa 
are sensitive to sodium concentration and rate of flow through the DCT, and 
regulate GFR through locally active hormones. (See physiology section for 
detailed explanation of the renin-angiotensin-aldosterone system.) 



KEY FACT 

i_ 


Despite large fluctuations in arterial 
BP (75-160 mmHg), the GFR only 
changes a few percentage points. 



KEY FACT 


Surgeons pay special attention 
to ureteral peristalsis in order to 
identify and therefore avoid injury 
to the ureters during open and 
laparoscopic operations! 


Juxtaglomerular Cells 

Specialized myoepithelial cells located in ihc afferent arterioles. These 
cells acl as baroreceptors (they sense inlra-renal pressure), which enables 
them to efficiently monitor BP and maintain normal glomerular filtration 
rate (GFR) through tire release of renin, lire initial catalytic enzyme in the 
renin-angiotensin system. 

Extraglomerular Mesangial Cells 

Contractile cells with receptors for both angiotensin II and natriuretic factor, 
thus enabling them to regulate glomerular flow. 


CALYCES, RENAL PELVIS, AND URETERS 


These structures arc lined with transitional epithelium. The muscular layer 
of the calyces, renal pelvis, and ureters arc composed of helically arranged 
smooth muscle, which becomes more longitudinal as the ureters reach the 
bladder. The ureters exhibit peristaltic contractions as ihcv pass urine from 
the kidneys to the I) la drier. 
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FIGURE e-12. Histology of the bladder. I - Transitional epithelium; 2 - suhmucosa; ^ - 
inner (ongiluduuil smooth muscle: 4 - middle circular smooth muscle; 5 ~ oiilcrmosl longitu¬ 
dinal Smoot]} inusde. < Courier of Uni formed Services University of the Health Sciences.) 


BLADDER 


The wnl] of llic urinary bladder is composed of the following layers (see Fig¬ 
ure 8-12); 

Transitional epithelium: Fines the inner surface of the bladder. Its thick¬ 
ness depends largely on ihc bladder’s fullness (an empty bladder lias much 
thicker transitional epithelium than its full, distended counterpart ). 
Smooth muscle: There are three layers of smooth muscle arranged in all 
dimensions that comprise the wall of the bladder, which become three dis¬ 
tinct layers of smooth muscle at the bladder neck. The innermost of these 
layers becomes the involuntary urethral sphincter at the junction between 
the bladder and the urethra. 


CLINICAL 

CORRELATION 


Micturition is controlled 
autonomically by the interna! 
sphincter and voluntarily by the 
external sphincter. Problems 
with these muscles can lead to 
incontinence. 



Standardized Units of Measurement 

Quantity of a given substance in a solution (solute) is expressed through 
millimoles (mmol), milHcquivalcnts (mEq), or milliosmoles (iiiOsm). 
Concentration of a given substance in a solution reflects quantity per 
given volume. Commonly used units include: mmol/L, mEq/L, and 
mOsm/L. 

Definitions 

One mole represents 6 x K)-^ molecules of a neutral substance. 

I mmol - 1/1000 of a mole 

Au equivalent describes the quantity of ionized (charged) molecules in a 
given solution. 












KEY FACT 


Qsmolarity * Molarity 
10 mmol glucose = 10 mOsm/L 
glucose 

10 mmol NaCt - 20 mOsm/L NaC! 
{NaCI is ionic and dissociates into 
Na + and Ch) 


For example, one mole of Nad in a solution will dissociate into one equiva¬ 
lent of Na and one equivalent of Cl. However, one mole of MgCU will disso¬ 
ciate into two equivalents of Mg and two equivalents of Cl 

1 mole NaCl = 1 Eq (Na) + 1 Eq (Cl) 

Therefore: 1 mole (Na) ~ I Eq (Na) 

1 mole MgCK = 2 Eq (Mg) + 2 Eq (Cl) 

Therefore: f mole (Mg) » 2 Eq (Mg) 

An osmole defines the number of single particles into which solute will 
dissociate in solution. Accordingly, osmolarity will represent the concen¬ 
tration of those particles per given volume (e,g., Osin/I 

Keeping in mind the above example, the os molarity of non-ionic substances 
will equal its molarity, while it will differ in the cases of ionic (charged 
substances)* 


Forms of Transport 
Concepts of Transport 

There arc l\vo main types of transport; Inmsccllular and paraecllular. 

Transeel lular transport: Substances are transported across both the apical 
and basulateral membranes and through the cytoplasm of the cell 
Paraecllular transport: The transported substances travel through the tight 
junctions between cells. This form of transport involves simple diffusion 
and/or carrier-mediated diffusion. 

Substances can be transported via passive or active transport. 


Passive Transport 

Relies solely on the concentration gradient across the cell membranes as the 
driving force (docs not require energy). 

Simple diffusion is defined by the rate of diffusion, or how fast the mol¬ 
ecules move across the membrane. The net transfer of solute is directed 
down the concentration gradient, and continues until the state of equi¬ 
librium is reached. At tins point, the rate of transfer across the membrane 
becomes equal in both directions* 

Facilitated diffusion is a carrier-mediated process directed down the 
concentration gradient 'The carriers are specific membrane proteins that 
exhibit a high affinity for the substance. However, the amount of carrier is 
limited, and therefore the transport rate does not increase continuously 
with the increasing concentration gradient Rather, a maximum rate of 
transport, defined as the transport maximum (T m ) for a given substance, 
is achieved when all carrier sites arc saturated. 



KEY FACT 

i_ 


Examples of substances of 

physiologic importance that cross 
the membrane by non-ionic 
diffusion include C0 2 and NH 3 
These compounds play important 
roles in renal regulation of acid-base 
balance. 


In facilitated diffusion, molecules with structural similarities may compete 
for ihe transport carrier binding site, ihus reducing the transport rate of the 
preferred solute. This provides the basis for competitive agonist/antagonist 
actions. 

Non-ionic diffusion is a passive process by which impermennt ions 
derived from the dissociation of weak adds or bases can cross cell mem¬ 
branes. (The equation: HA = [I l + ] + [A“] depicts the state of equilibrium 
between the undissociated and dissociated forms of a weak acid*} Cell 
membranes arc impermeable In ions, but permeable to the neutral m(dis¬ 
sociated free acid form* The systems equilibrium is based on the pH value 
across the membrane. 
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Osmosis refers to diffusion of a solvent down its concentration gradient. 
Osmotic pressure is the hydrostatic pressure which must he physically 
applied to the side of a semipermeable membrane containing high- 
solute concentration (low-water concentration) in order to prevent the 
osmotic flow of water across the membrane. 

Osmosis is the only mechanism by which water is transported across 
the renal tubular epithelium. 

Active Transport 

Substances transported against their electrochemical gradient require a spe¬ 
cific carrier and energy' source, the most important of which is AIT. 

Primary active transport: Requires a specific ATPase transporter. The 
Na + ,K + -ATPasc and the Ca ++ -ATPase systems are found on the basolalera! 
membrane of the renal tubules. This allows for Na + to he transported in 
one direction only (from the tubular lumen to the renal interstitial fluid). 
Secondary active transport: Two different substances simultaneously 
bind to the same membrane carrier and are concurrently transported 
across the membrane. The main differentiating factor between primary 
and secondary active transport is that in the latter, one of the substances 
moves down its electrochemical concentration gradient while the other 
moves up (opposite direction). 

Co-transport (symport) in which two compounds use the same pro¬ 
tein carrier and move in the same direction across the membrane (e.g., 
Na + -glucose) 

Counter-transport (antiport) transported substances arc moved across 
the membrane in opposite directions (e.g.. Na + -II + counter-transport 
in the proximal tubule, and the distal tubular H + -K + antiportef). 

Rate-Limited Transport 

The concept of T’, n (as described previously) applies to both secretory and rcab- 
sorptivc epithelial cell transport mechanisms. The different ways in which T m 
applies to glucose and PAH arc discussed later. 

Fluid Compartments 

Composition of Extracellular Fluid (ECF) and Intracellular Fluid (ICF) 

The ionic compositions of the ECF and ICF (see Figure H- 1 >> are remark¬ 
ably different. However, the osmolarity of the compartments is virtually equal, 
which allows for normal cell homeostasis. These concentration gradients 
across cell membranes are maintained by transport mechanisms. 

The fluid component of the body is divided into several compartments {see 
Figure 8-14). Water accounts for fill % of a person’s total weight (known as 
total body water or TBW). Two-thirds of THW (40% of total body weight) is 
intracellular fluid (ICF) and one third (20% of total body weight) is extracel¬ 
lular fluid (ECF). 

In a 70-kg adult, assuming normal hydration, 42 liters (60%) of their body 
weight is water, of which 28 liters (66,7%) is in I he intracellular space and 14 
liters (333%) is in the extracellular space. 

TBW varies based on age. sex, and body fat percentage. /Vs body fat 
increases, the relative percentage of their T BW decreases. 

Infants and children have higher TBW than adults due to a decreased 
proportion of fat. At birth, the ECF compartment consists of almost 50% 
of the TBW. 



KEY FACT 


Potassium is the main cation 
regulating ICF; 

Proteins and organic phosphates 

are the main anions in ICF. 
Sodium is the main cation 
regulating ECF; 

Cl - and HCOj" are the main 

anions in ECF. 



60-40-20 rule: TBW = 60%, ICF 
= 40%, and ECF = 20% of bod/ 
weight 
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Relative fluid volumes 


figure e- 13 . Composition of body fluids. \X ’I Rxlraccltiilar fluid; ICF iulmcx'llular 
fluid; IS1' = itilcTstilijil fluid (Modified, with permission, from I lay WW el A. Current Pediatric 
Diagnosis C* TwdtoJOTif, Ifrth cd. New York: McGraw-Hill, 2007 j 


Aging is commonly associated with an increase in body weight in llie form 
of fal {decreased TBW). 

Females, on average, have more body fat than males, and therefore have 
lower TBW, 



KEY FACT 


Estimating content of fluid 
compartments; 

TBW (L) = 0.60 x wt (kg) 
ICF = 0.40 x wt (kg) 

ECF = 0.20 x wt (kg) 


The TCF compartment is further divided into interstitial fluid, transcellular 
fluid, and plasma (see Table 8-4). 

Interstitial fluid (75%): Water within the body but outside ibe cells. 
Plasma (25%): Non-cellular fluid of the blood. 

Transcellular fluid: CSF. synovial fluid, aqueous humor, and pericardial 
and peritoneal fluids. 

Estimating and Measuring Fluid Compartment Volume 
Estimating Body Fluid Volumes 

The percentage of the fluid compartment multiplied by the total weight 
iassuming normal hydration). 


Total 

body 

weight 

(k9) 



FIGURE 8-14. Fluid compartments. 
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TABLE S-4. Comparison of the Composition of ICF and ECF 

Fluid 

Compartment Composition 

1CF Potassium, magnesium, phosphate ions, organic anions, and protein 

Slight negative charge, due to the nature of the cell membrane 

ECF Sodium, chloride, bicarbonate, and calcium 

Slight positive charge, due to the nature of the cell membrane 


Measuring Body Fluid Volumes 

Accomplished by injecting a known amount of a measurable molecule into 
the fluid space and allowing it to diffuse. The ideal molecule will enter flic 
respective space and remain there ( without diffusing into other spaces). Each 
compartment has its own unique molecule, which is used as an indicator for 
the respective compartments. Expected physiologic values arc depicted in 
Table 8-5. 

TBW indicators: 1 TO (heavy water), IEO tritium (radioactive water), 
and Cj |11 pNiO (autipyrine). 

TBW = ECF + ICF 


The volume is calculated by applying the indicator dilution principle in 
which the distribution volume (V) for the indicator equals the quantity of indi¬ 
cator (i.c., 'H 2 0) divided by concentration (C) of indicator. 


V = QIC 


Plasma volume (PV) indicators: Evans-bluc dye or radioiodinated human 
scrum albumin ( 125 I-albmnin). 

Blood: (Plasma volume) / (1 - hematocrit). 

ECF Indicators: Inuliii, mannitol and “Na. 



KEY FACT 


Osmolarity of ECF and ICR 

ECF osmolarity - ECF osmolarity, 

ICF volume changes to maintain this 
balance. 


KCK = Plasma + Interstitial fluid. 


table 8*5. Normal Values of Fluid Compartments Based on a 70-kg Patient 
with a Plasma Osmolarity of 280 mOsm/L 



Concentration 

riifiitn ?*Rf ijitti i ntcMifiintniTW 

Compartments 

Volume (L) 

(mOsm/L) 

Total (mOsm) 

TBW 

42 

280 (300) 

I 1,780 

ECF 

14 

2SO (300) 

3920 

ICF 

28 

280 (300) 

7640 


ututiiiiitiiikMirnmBvuiiiitr«nHH]ifiirKuti mu iinrmHiiimnmiim ixxuttmfivuftt mi u rurt jitnimrmmut ft 



























KEY FACT 

l_ 


Intercompartmental Water Dynamics (sec Figure 8*15). 

In a steady state, the osmolarity of ECF is equal to that of ICF. 

Under normal physiologic conditions, substances such as mannitol, NaCl, 
and NaHCO- are confined to the ECF and they do not readilv cross the 
cell inctnhranc. 

Under certain pathophysiologic conditions, this steady state is interrupted. 


Osmolarity = Concentration of 
osmotically active particles 
per unit volume. 

Normal value for body fluid 
osmolarity (BFO) is 290 
mOsm/L (tor practical purposes 
= 300 mOsm/L). 


Volume changes take place in the ECF only. These cornpartmental distur¬ 
bances can be divided into two major groups: 

Volume contraction refers to loss of water from the ECF. 

Volume expansion refers to increase in the ECF volume due to water 
“leaking in." 

Furthermore, this can be subdivided based on the osniolaritv of ECF into iso- 
osmotic, hypo-osmotic, and hyperosmotic disturbance (all depicted in Fig¬ 
ure 8-16. the Darrow-Yannet diagram), followed by practical calculations I see 
Table 8-6). 


ECF Pathophysiology Key Facts 

Iso-osmotic volume contraction: Prolonged watery diarrhea -» hypo¬ 
volemia and low flow state —> activation of the rcnin-angiotensiu-aldoslerone 
system (RAAS) —> lowered urinary output (to retain Na' and I FO). 
Ilypo-osmotic volume expansion: Distinguish between psychogenic 
polydipsia /water intoxication and diabetes insipidus (DI) with water 
restriction. 

If psychogenic polydipsia is present, an appropriate response in water 
and Na‘ retention is expected. 


Normovolemia 
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Volume expansion 
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figure 8-is, Darrow-Yannet diagram and pathophysiology of intercompartmental water dynamics. 
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table & - 6. Sample Calculations 

i rnxf tmtMtmrn tmurrrnrnHiiiynuinHinM-iiirMiiirf * iwm ttt* 1 • uti mt i mnwonnomii i m n 

Normal physiologic conditions, normal hydration: 

TBW - 0.6 x (70 kg) = 42 L 

ICF volume =* 0.4 x (70 kg) = 28 L 

ECF volume - 0.2 x (70 kg) - 14 L 

Sody fluid osmolarity (BFO) » 300 mOsm/kg 

Total body osmoies = (TBW) x (BFD) = (42 L) (300 mOsm/kg H 2 0) =^12,600 mOsm 
ICF osmofes = (ICF) x (BFO) = (28 L) (300 mOsm/kg H 2 0) « 8400 mOsm 
ECF os moles = (ECF) x (BFO) ® (14 L) (300 mOsmAg H 2 0) = 4200 mOsm 
Example for SIADH = water Intoxication = Hypo-osmotic volume expansion: 

Assume an extra 6 L of H 2 0 reabsorption: 

Redistribution of H^G, secondary to volume overload with H 2 CX 

TBW (L) = 0.6 X (70 kg) ^ 42 L + 6 = 48 L 

ICF (L) » 0.4 x (70 kg) = 28 L + 4 L (V 3 of 6 L) - 32 L 

ECF (L) » 0,2 x (70 kg) = 14 L + 2 L ( r / 5 of 6 L) = 16 L 


Compare: 

Normal osmolarity: T2 f 600 mOsm/42 L TBW - 300 mO&m/kg 

SIADH osmolarity: 12,600 mOsm/48 L TBW = 262.5 mOsm/kg 

SIADH ICF volume: (ICF osm)/(SIDH osmolarity) = 8400 mOsm/262.5 mOsm/kg *= 32 L 

SIADH ECF volume: (ECF osm)/(SIDH osmolarity) ^ 4200 mOsm/262,5 mOsm/kg - 16 L 

Final picture: 

Increase rn both ECF and ICF volumes. 

Decrease in body osmolarity (plasma protein dilution). 

Hematocrit does not change: Concentration of RBCs decreases: however, RBC volume 
increases, so H 2 0 shifts into the ceils. 

91 irnrtiiiii/f#u-iitiMiiiitf utfJJihfiim i mu util n i itMniiiimu mtnsutn 111 itm mu i T «inm11 Hmninamii lUniitra ini^ii ii< 11 r .TdiiriiMuiuntf (inn 


Heat-acclimated individuals generally produce hypotonic sweat, thus do 
not waste Na"*\ allowing electrolyte lends to remain within normal limits. 
Those who arc not hcat-acclimated may have a higher concentration of 
NuCl in their sweat and may become hypoiuitremic and/or hypochlore¬ 
mic, in addition to volume depleted (dehydrated). 

In both cases, however, there is an appropriate activation both of RAAS 
and antidiuretic hormone (ADH), 


GENERAL RENAL PHYSIOLOGY 


Renal Clearance: General Concepts 

Renal Clearance (C x ) 

Voli in it' of plasma cleared of a given substance by the kidney per unit time: 

c = U v/p 

X X X 

where C x is the clearance rate of substance X (mL/min), U x is the urine con¬ 
centration of substance X (mg/rnl,), V is the urine flow rate (inL/inin), and P x 
is the plasma concentration of substance X (mg/niL). 

11 can be detennined bow a specific substance is handled by the renal tubules 
by comparing the clearance rale of a substance with the GT’K (see Table 8-7). 









TABLE 0-7, 

Interpreting Cx 


C x > GFR 

Substance filtered and with net secretion. 

iilltliiitttiffiiitilisiiiiuui 

C K < GFR 

Substance filtered and partially reabsorbed. 


C^GFR 

Neither is dominant: the substance does not appear in the urine, 


Inulin. a fructose polymer, possesses some unique properties (described later), 
and can be used lo determine the clearance of any substance by comparing it 
to the inulin clearance, expressed through the clearance ratio. 

Clearance ratio - C„/C i]tll i, n 

Gyq ii„ =1.0 indicates that the clearance of substance X is equal to that 
of inulin; the substance is neither secreted nor reabsorbed. Substances with 
these properties are called glomerular markers. 

CyC. lli(t < 1.0 indicates that the clearance rate of substance X is lower than 
that of inulin, suggesting two possibilities: 

The substance is not filtered (e.g., albumin). 

The substance is filtered, but is subsequently reabsorbed (e.g., glucose, 
amino acids, urea, phosphate, N.'f, Cl", and HCO-"). 

CJC iimUn > 1.0 indicates that the substance is filtered and excreted (e.g.. 
organic acids, bases, and in some cases K + ). 

Glomerular Filtration Barrier 

Glomerular filtration is closely regulated by the barrier (see Figure S-I6) that 
separates the blood from Bowmans space and is composed of three main 
layers: 


4 



6 5 


FIGURE 8-16. Electron photomicrograph of the glomerular filtration barrier. I 

Lunina rara external:; - = lamina densn; 1 = lamina raru inlcnui: I = pedicels; 5 - capillars 
endothelium I 6 = endothelial pore; 7 - nitration slit membrane. (Courtesy of Dr. Rulli Bulger. 
Uniformed Serv ices University of the Health Sciences, i 
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Capillary endothelium originates from the afferent arteriole and exits via 
the efferent arteriole. This is a non-diaphragm fenestrated endothelium 
that lines the inside of the capillary. 

Glomerular basement membrane (GBM) is composed of types IV and 
V collagen, laminin (glycoprotein), and heparan sulfate (proteoglycan). 
Laminin and heparan sulfate account for the GBM s negative charge, thus 
keeping plasma proteins, which have a slight negative charge* from enter¬ 
ing Bowman's space. The basement membrane is composed of three lay¬ 
ers: lamina rara interna, lamina deusa, and lamina rara externa. 


Glomerular Filtrate 

Material filtered through the glomerular filtration barrier, created at a rate of 
125 mL/min. The glomerular filtration barrier is relatively impermeable to 
proteins, thus the filtrate solution contains little protein. Certain molecules, 
such as calcium and fatty acids, which are bound to plasma proteins, will have 
a lower-tban-expected concentration within the filtrate. Several other factors 
determine whether a substance will pass through the filtration barrier: 

Molecular size 

Shape 

Charge 

i Icmodynamic conditions 


Glomerular Filtration Rate 

Represents renal clearance of a substance that is neither reabsorbed nor 
secreted by the nephron. 

Inulin is the gold standard when measuring CFR because it is freely fil¬ 
tered, and neither reabsorbed nor secreted (glomerular marker)* 
Creatinine (end product of muscle metabolism) is a more clinically use¬ 
ful alternative for estimating GFR. While a small amount of creatinine is 
secreted by the renal tubules, resulting in an overestimation of the urine 
creatinine concentration, the plasma creatinine measurement often over¬ 
estimates the actual amount of creatinine in the blood. These two overesti¬ 
mations cancel each other out, thus providing reliable estimation of GFR. 
Blood urea nitrogen (BUN) is often used to estimate GFR. 


GKR - li tnulin V/Pj llllUn = C inu]in 


GFR 88 ^creatimncV^weatiniiic 


where U is the concentration in urine (mg/niL), V is the urine flow rate (mL/ 
min), P is the concentration in plasma (mg/niL), GFR is the glomerular filtra¬ 
tion rate (normal = 12(1 mL/min), and C* BII | Jn is the clearance of inulin. 


Renal Blood Flow 

The blood flow to the kidneys represents approximately 25% of the total car¬ 
diac output. Based on an average cardiac output of 5 L/min, the kidneys will 
receive 1.25 L/min, or 1800 L/day. Because the kidneys handle the blood vol¬ 
ume many times over each day, they play a crucial role in systemic blood cir¬ 
culation, as well as maintaining normal body fluid volume and composition. 

The kidney contains numerous nephrons with vasculature connected in 
series (sec Figure 8-17). Blood flow to the nephrons is supplied by afferent 
arterioles branching off interlobular arteries within the kidiiev* Plasma is fil- 


CLINICAL 
CORRf l ATION 


The charge barrier is lost in 
nephrotic syndrome, thus allowing 
proteins to leak out of the capillaries, 
and leading to albuminuria, 
hypoproteinemia, generalized 
edema, and hyperlipidemia. 



The a-l chain of collagen type IV, 
the target antigen in Goodpasture's 
syndrome, is a common component 
of the GBM and the alveolar 
basement membrane, 



KEY FACT 


Creatinine clearance is an estimation 
of GFR. 


CLINICAL 

CORRELATION 


Decreased GFR (e,g„ acute renal 
failure: ARF) leads to an elevation 
of both BUN and creatinine 
concentrations in the blood. 
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Proxtmaf convoluted tubule 



FIGURE 8-17* Nephron structure* 


tcred in the glomerular c^ipiHar\ r bed, and the filtered blood flows out into the 
interlobular veins via the efferent arterioles. 

The average afferent arteriole pressure is 85 mniHg. 

I'be average efferent arteriole pressure is 60 mmHg. 

Regulation Mechanisms 

Systemic BP and perfusion dramatically impact renal function. Physiologic 
changes in Starling forces, renal vascular resistance, and hydrostatic pressures 
allow for regulation of renal blood flow (RBF) and function (see Table 8-8)* 

Influencing Factors 

The sympathetic nervous system, hormones, and various drugs influence 
renal function. 

Sympathetic nervous system: Exerts its action via the catecholamines epi¬ 
nephrine and norepinephrine, which activate ot 1 receptors, thus causing 
vasoconstriction of the renal arterioles (efferent > afferent), and a decrease 
in RBF and CFR. Moderate sympathetic stimulation will not result in 
change in GFR. 

Prostaglandins (bra dykinin: PGE-, and PGI : (both produced in the kid¬ 
neys) cause dilatation of both the afferent and efferent arterioles, thus 
increasing RBF and GFR, NSAIDs inhibit prostaglandin synthesis and 
interfere with these protective effects of prostaglandins (GFR is reduced). 
Angiotensin (I: A potent vasoconstrictor that preferentially vasoconstricts 
tire efferent arteriole. The mechanism is dose-dependent; angiotensin 11 
can cause either an increase in GFR (only efferent arterioles affected) or a 
decrease in GFR (both afferent and efferent arterioles are affected). 
Dopamine (precursor of norepinephrine) dilates the vessels and suppresses 
sodium reabsorption in the proximal tubule by inhibiting the action of the 










TABLE a-8. Renal Function and Blood Flow 


Effect 

CFR 

Renal Plasma 

Flow (RPF) 

Fiitration 

Fraction (GFR/ 
RPF) 

Afferent arteriole constriction 

ti 

due to ft P K 

It 

No change 

Afferent arteriole dilation 

tr 

due to It P GC 

It 

No change 

Efferent arteriole constriction 

ir 

due to f! P cc 

II 

tr 

Increased plasma protein 

concentration 

11 

due to It n^- 

No change 

u 

Decreased plasma protein 
concentration 

tr 

due to II 

No change 

it 

Constriction of ureter or urinary 

tract obstruction 

1 

due to ft P as 

No change 

<m«iimiiiiiiii>iminiiBiifini 

a 

MHUftilttmi itmMtnmi 


P GC — glomerular capillary hydrostatic pressure; P flS = Bowman's space hydrostatic pressure; 
rr GC - glomerular capillary plasma colloid osmotic pressure; rr BS - Bowman’s space interstitial 
colloid osmotic pressure. 


basohilcral Na + *K + -ATPast‘ pump. Dopamine is released directly by the 
proximal tubule in response to a rise in BP, resulting in increased RBF 
and GFR. 

Autoregulation Mechanisms 

Autorcguktion is the process by which an organ maintains relatively constant 
blond flow despite variations in BP. These mechanisms typically have limits 
outside of which they arc ineffective. 

The kidney lias two proposed autoregulntory mechanisms: Stretch {myo¬ 
genic) and tubuloglomerular feedback. 

Stretch mechanism: When BP increases, arterioles in the kidney arc 
stretched. This leads to vasoconstriction of the afferent arteriole, which 
maintains constant BUR 

Tubuloglomerular feedback mechanism: Increased arterial pressure leads 
to increased RBF, and increased flow to the distal tubule, which is sensed 
by the macula densa. Through a variety of mechanisms, the macula densa 
causes vasoconstriction of the afferent arteriole, thus attenuating RBF and 
closing the negative feedback loop. 

Measurement of Renal Plasma and Blood Flow 
Renal Plasma Flow 

A measure of flic volume ot plasma that flows through a single nephron in a 
given amount of time. If a substance could be cleared completely from the 
plasma, its clearance rate could be used to calculate the true renal plasma 
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flow (RPF). 1 lowever, RPF cm not he directly determined because there is no 
known substance that is cleared completely from the kidney. 

Para-aminohippuric acid (PAH) is an endogenous substance that is 90% 
excreted from plasma through the kidneys through both filtration and 
secretion. The amount of PAII in plasma in the renal artery is et|iial to 
the amount of PA1! in urine. Therefore, the clearance rate of PA11 can be 
used to calculate the effective renal plasma flow (ERPF). 

ERPF = (U PAH x V) / P PAH = C PAH 

where U| >AI1 is the Urine concentration of PAH V is the Urine flow rate P|, A n 
is the Plasma concentration of PAl 1 Cp AJ | is the Clearance rate of PAH. 

ERPF can he used to calculate the value of true RPF and RBF, 

True Renal Plasma Flow 

The ERPF is an approximation of the true renal plasma flaw. Because only 
90% of PAl I is cleared, the true value of renal plasma flow is underestimated 
by 11)%. Therefore true RPF can he calculated as: 

True RPF = ERPF/0.9 


Renal Blood Flow 

Renal plasma flow can he used to determine RBF, which represents the vol¬ 
ume of blood flowing through a single nephron in a given period of time. 
RBF can be determined using the equation: 

RBF® (RPF)/(1 - hematocrit) 

Filtration fraction (FF) is the fraction of plasma filtered across the mem¬ 
brane of the glomerular capillaries. It can he calculated it the GFR and 
the RPF are known: 


FF = GFR/RPF 

where GFR is the Glomerular filtration rate and RPF is the Renal plasma 
flow. 

Normally, the calculated value of the FF is approximately 0.20. Therefore, 
about 20% of the RPF enters the glomerular capillaries, while the remaining 
80% leaves the glomerulus via the efferent arteriole. 

Changes in Filtration Fraction 

Changes in the FF alter the plasma protein concentration, and thereby the 
osmolality within the peritubular capillaries {see Figure 8-18}. An increase in 
FF reduces the amount of plasma flowing into the peritubular capillaries. FF 
can be adjusted by changes in either RPF or GFR. 

Renal vascular resistance and the hydrostatic pressure differential 
between the renal artery' and vein affect the flow of blood throughout the 
nephrons. Each parameter is inversely' proportional to the other: 

Increased vascular resistance —> decreases RPF. 

Decreased vascular resistance —» increased RPF (provided the hydro¬ 
static pressure differential is held constant). 


MS AIDS 


i— Prostaglandins 
0 dilate affarem arteriole 
(TRPF, TGFR, so 
1— FF remains constant) 



Parietal layer of glomerular capsule 


Afferent arteriole 


Juxtaglomerular celts 


Proximal 

convoluted 

tubule 


Efferent arteriole 


Blood 


ACE inhibitor 


© 


— Angiotensin II 
prefer UaJly 
canstricis sfteroni 
arteriole (t RPF. 
1GFR, soFF 

— increases) 


FIGURE b - i b . Effects of medications and hormones on renal plasma flow. 


Changes in rami arterial and venous pressures can affect the IT; however, 
the au to regulatory mechanisms of the kidney efficient!} maintain the pres¬ 
sures within relatively constant and narrow range. 

Additionally, the rate of filtration across the glomerular capillaries is dictated 
bv the net differential in Starling forces (which oppose filtration), and is 
maintained bv plasma protein concentration (oncotic pressure; see Figure 
8-19), 


GFR can be calculated by applying the Starling equation: 

GFR-K, [(!>„.-P b )-(« 0 C -k bs H 

where Kj is the Filtration coefficient?^; is the Glomerular capillary hydro¬ 
static pressure?^ is the Bowman's space hydrostatic pressure^; is !lie Glorn- 



Afferenl 

arteriole 


Glomerular capillary 


Efferent arteriole 


FIGURE e -1 9. Example of 5fading forces acting on glomerular capillaries of a single 
nephron provided net pressure = 0 mmHg and filtration equilibrium, Vciagc \aliics: l\ r{ 
45 miniIg; Pjj S ~ 10 mniHg; Kqq 2" mmHg, 







KEY FACT 


enilar capillary plasma colloid osmotic pressure^ is the Bowmans space 
interstitial colloid osmotic pressure (usually is zero because most protein 
is not filtered). 



I 


The FF and Starling forces acting 
within the peritubular capillary act as 
the main "messengers* between the 
glomerulus and the proximal tubule. 



KEY FACT 


Clucosuria is an important clinical 
clue in the diagnosis of diabetes 
mellitus (DM). 


Concepts of Reabsorption and Secretion 
Glucose 

Completely reabsorbed in the proximal tub ulus. However, when serum glu¬ 
cose levels reach about 200 mg/dL, the rcabsorption mechanism becomes 
overwhelmed arid glucose may be excreted in the urine (this phenomenon is 
known as splay, nr the excretion of a substance in small amounts before the 
transport maximum [T m ] is readied). At serum glucose levels exceeding 350 
uig/dL the transport mechanism becomes completely saturated, resulting in 
clinical glucosuria (sec Figure 8-20). 

Amino Acids 

Reabsorbed bv secondary' active transport in the proximal tubules. The trans¬ 
port mcehaniism is T -limited), and saturation may result in the excretion of 
amino acids in the urine. 


In general, amino acids are not found in the urine unless the individual has a 
genetic transport deficiency P 


Urea 

A waste product from the metabolism of amino acids, excreted in large 
amounts in the mine, and minimally reabsorbed. Urea contributes to the for¬ 
mation of hyperosmolar urine through its unique recirculation pathway, thus 
contributing to the maintenance of proper eorfieopap diary osmotic gradient 
(see Figure S-27. depicting the countercurrent multiplier system, CGMS). 

Para-Aminohippuric Acid 

A substance that is both freely filtered through the glomerulus, and secreted 
from the peritubular capillaries into the tubular lumen. PAII is not reabsorbed 
(see Figure S-21). As a result, PAH is theoretically completely cleared from 



FIGURE @'20. Glucose titration curve. 
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Plasma PAH concentration (mg/dL) 


T m for PAH secretion, where T = Filtered - excreted 


FIGURE B - 2 \, Para-aminohippuric acid titration curve. 


the plasma and is used to estimate renal plasma flow (see earlier discussion of 
measurement of renal plasma and blood flow). 

Free Water 

Also referred to as solute-free water, it is produced in the thick ascending limb 
and the early distal tubule of the kidney. In these diluting segments of the 
nephron, NaCI is reabsorbed and the free water remains in the tubules to be 
excreted in the urine. As urine is produced, water and solutes are excreted in 
a somewhat independent manner. Excreted water can be determined by the 
urine Row rate (V) and the excreted solutes can he calculated using the osmo¬ 
lar clearance (C^): 


^osm | > 

1 ODD 

where l/ osm is the Urine osmolarity and P (un is the Plasma os molarity. 

Free water clearance is equal to the difference between excreted water and 
osmolar clearance: 


c„ lO =v-c 0im 


Urine Osmolarity 

The clearance of free water can he used to estimate the kidneys' ability to con¬ 
centrate or dilute urine. 

When C|^ t) is positive, excess water is excreted and urine is dilute. 

When C ( |*Q is negative, excess solutes are excreted, water is retained, and 
urine is concentrated. 
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(n order to concentrate urine, high levels of ADH (vasopressin) arc needed 
to increase the permeability of the distal tubule and the collecting ducts to 
water 

hi the presence of ADH, urine is concentrated (body conserving water). 

In the absence of ADH, urine is dilute. 

Nephron Physiology and the Tubular System 

T he nephron unit is composed of the glomerulus, through which Hurd is fil¬ 
tered from the blood, and the tubular system, where the filtered fluid is modi¬ 
fied through reabsorption and secretion of various solutes to produce urine. 

Glomerulus 

A network of glomerular capillaries encased in the Bowman s capsule. Blood 
Rows from the afferent arteriole into the glomerular capillaries, where it is 
either filtered into Bowman s space or continues to flow through the efferent 
arteriole and the peritubular capillary system. 

The fluid that is filtered into Bowman's space flows into the tubular portion of 
the nephron. The tubule can be divided into several segments with different 
characteristics and functions, [inch segment relies on the basolatcral Na + -K + - 
ATPase pump to maintain low intracellular Na* concentration, establishing a 
Na + gradient for Na + movement into the cells. 

Proximal Tubule 

The major site of rcabsorption {sec Figure 8-22), The cellular mechanism of 
reabsorption is based on the transmembrane Na + gradient, thus providing 
energy for numerous secondary active transport mechanisms. Solutes and 
water arc reabsorbed proportionally; therefore tubular fluid leaving the proxi¬ 
mal tubule is isosniotic. 

Reabsorbs all filtered glucose and amino acids, 60%-70% of the filtered 
electrolytes and water, and 50% of filtered urea from the tubular fluid. 
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FIGURE s-12. Early proximal convoluted tubule, "workhorse of the nephron.* Reabsorbs 
all of the glucose and amino acids and most of the bicarbonate, sodium, and water, Secretes 
ammonia, which acts as a buffer fur secreted 1T. 
































Na + is reabsorbed via cotransport with amino acids, glucose, lactate, and 
phosphate, and via comitertransport with HCO-“ through the Na*-H + 
exchanger. 

Ammonia is secreted to buffer the secreted H\ 

Na + is reabsorbed with Chin the late proximal tubule, driven by the 
lumen positive potential difference, 

Angiotensin 11 acts on the proximal tubule to stimulate Na + reabsorption, 
while atrial natriuretic factor blocks Na* reabsorption. 


Loop of Henle 

Consists of three portions: (1) thin descending; (2) thin ascending; and (5) 
thick ascending limbs. The majority of action occurs in the thick ascending 
limb of the loop. 

Thin descending limb reabsorbs about 2l)% of the filtered water, but no 
solute reabsorption occurs in this segment. 

Thin ascending limb is impermeable to water and has no significant 
reabsorption* 

Thick ascending limb is the diluting segment of the tubular system (sec 
Figure 8-23). It is impermeable to water, yet reabsorbs solutes. This seg¬ 
ment actively reabsorbs Na + , K + , and Cl" via the Na + -K + -2GI“ cotrnm- 
porter. Reabsorbed K 4 leaks back into the lumen, creating a slight positive 
charge in the lumen fluid. This positive charge indirectly induces paraeel- 
hilar diffusion of Mg 2 * and Ca^ into the interstitial fluid. 


Early Distal Convoluted Tubule 

Cortical diluting segment of the tubular system (see Figure 8-24), 

The distal tubule transport mechanism relics on the Na + -CI" cotrans¬ 
porter (situated on the luminal membrane), which provides the basis for 
Na\ Cl‘ K + , Ca- + , and Mg-* trafficking into and out of the lumen. This 
segment is impermeable to water and urea* 

The first part of this segment forms the macula densa of the juxtaglomeru¬ 
lar complex, which provides tubuloglonicrular feedback for autoregula¬ 
tion of RBF, 

Angiotensin 11 acts on the early distal tubule to stimulate NV reabsorp- 
turn, while atrial natriuretic factor blocks Na + reabsorption. 

PTH acts to increase active C;r* reabsorption. 
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FIGURE B-23, Thick ascending limb o! Henle,* 11 1 is structure actively reabsorbs Na'. K \ 
aiul OF, and indirectly induces (lie reabsorption of and C;r". il is impermeable to water. 
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FIGURE 8-24. Early distal convoluted tubule. 1 his structure actively reabsorbs W ant) 
Cl’. Reabsorplion of Crt fct is under the control til parathyroid hormone. 



KEY FACT 


For each H* ion secreted into the 
lumen, one bicarbonate ion can be 
reabsorbed across the basement 
membrane into the interstitial fluid. 


Late Distal Tubule and Collecting Ducts 

Composed of Ivvo cell types, principle and intercalated cells (see Figure 8-25). 

Principle cells reabsorb Na' 1 ' and water and secrete K + via 1 he Na*—K*- 
ATPasc pump. 

Intercalated cells are key platers in acid-base regulation of hodv flu¬ 
ids, as they secrete 11^ and reabsorb K + and HCCh“. Carbonic acid can 
be formed in these cells via the catalytic action of carbonic anhydrase on 
I UC) and CO-,. The carbonic acid then dissociates into I f + and bicarbon¬ 
ate. 11 + is secreted into llic tubular lumen via the 1 I*-ATPnsc transport 
nicchanis.ni. 


’SO mV 


-Q mV 



F r G U R I 0*25, Collecting tubules reabsorb Na+ In exchange for secreting K+ or H* 
(regulated by aldosterone). Reabsorplion of water is regulated l>v ADI I (vasopressin^ Osmolar- 
itv of I lit 1 medulla can reach 12UU mOsm. 
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Aldosterone stimulates Na + reabsorption and K~ secretion in the principle 
cells, as well as 11 + secretion in the intercalated cells. 

In the presence of ADI [ (vasopressin), water channels are recruited and 
inserted into the luminal membrane of the principle cells, making them 
permeable to water. In the absence of ADI I. the late distal tubule and 
the collecting ducts are impermeable to water. The presence or absence 
of ADI I therefore controls the concentration or dilution n! urine. 

Urea reabsorption only occurs in the inner medullary collecting ducts (the 
late distal tubules, the cortical collecting ducts, and the outer medullary 
collecting ducts arc impermeable to urea). ADI I increases urea permeabil¬ 
ity in the inner medullary collecting ducts. 

Countercurrent Multiplier System 

The countercurrent multiplier system (CCMS) is a U-shaped structure that is 
an integral part of the nephron known as the loop of Henle. There are three 
loop regions within the CCMS (thin descending limb, thin ascending limb, 
and the thick ascending limb) responsible for establishing hyperosmotic 
renal medullary interstitial fluid through a multi-step process (see Figure 
8 - 26 ): 

The term countercurrent describes the fluid movement in opposite directions 
in (he two limbs of the loop, which magnifies the effect of transport from one 
limb on transport from the other limb. 

Countercurrent Exchanger (Vasa Recta) 

U-shaped capillaries are freely permeable to water and all solutes except pro¬ 
tein. As a result, the vasa recta equilibrate readily with the surrounding inter- 



KEY FACT 

i _ 


In humans, the maximum osmolarity 
at the tip of the loop reaches about 
1200- V400 mOsm/L r half of which 
is attributed to NaCf and the rest to 
urea. 



KEY FACT 


The role of the loop of Henle's 
multiplier system is to establish 
the hyperosmolarity of the renal 
medulla. 
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FIGURE s-26. Countercurrent multiplier system and vasa recta, the countercurrent exchanger. 































The role of the vasa recta is to 
preserve the hyperosmotarity of the 
renal medulla. 


^'CLINICAL 

CORRELATION 


Systemic deficiency of EPO and 
consequent anemia often ensue as 
a result of chronic kidney disease 
(CKD), renal malignancy, or as an 
adverse effect of chemotherapy. 



KEY FACT 


Human recombinant EPO is 

available as supportive treatment 
for patients with ertd-stage 
chronic renal failure (CRF), 
lifelong dialysis, HIV-associated 
anemia, and other similar 
conditions. 

Remember: Patients must 
also receive proper iron 
supplementation. 



KEY FACT 


The action of 1,25-20H- 
cholecaldferol in the kidney 
differs from that of PTH: 

■ 1,25-20H-choleca1ciferol 

stimulates reabsorption of both 
Ca 2+ and phosphate. 

■ PTH stimulates Ca 2+ 
reabsorption, but inhibits 
phosphate reabsorption. 


stilial fluid. They enter the renal medulla, at ihc point of high inters!ilium 
solute concentration, and are situated in close proximity to the loop of Henle. 
This enables the formation of the cortico-medullary osmolar concentration 
gradient (see figure 8-2”), which defines the countercurrent exchanger 
(CCE) model. Its main function is to preserve the hyperosmolaritv of the 
renal medulla. 

Kidney Endocrine Functions 

The kidney performs four major endocrine functions: 

Secretion of erythropoietin (EPO). 

Formation of i ,25-dihydroxyeholccalcifcrol. 

Production of renin. 

Production of prostaglandins. 

Erythropoietin 

Erythropoietin (EPO) is glycoprotein hormone that stimulates RBC produc¬ 
tion in response to hypoxia. In healths - individuals, approximately 90% of all 
EPO is synthesized in the kidneys. EPO exerts its action through EPO recep¬ 
tors (F.poR) on the surface of proerythroblasts in the bone marrow. This 
accelerates the maturation of proerythroblasts (to their erythroblastic stage). 
In the absence of EPO, few RRCs are formed by the bone marrow. Therefore, 
individuals with insufficient concentrations of EPO (i.e., patients with severe 
kidney disease/faillire), may become anemic, as they cannot appropriately 
respond to hypoxia by increasing EPO and RBC production. 

Vitamin D: Formation of 1,25-Dihydroxycholecalciferol in the Kidneys 

Vitamin D coupled with PTH provides the second most important mecha¬ 
nism regulating Ca~ + and phosphate metabolism. Vitamin 0 is stored in the 
liver in its inactive form, 25-OH-cholecalciferol; its activation and action 
depend on the plasma Ca~ + concentration. 

Decreased plasma Ca~ + levels stimulate PTII secretion, which activates 
1-a-hydroxylase in the kidneys. This in turn enables the hydroxylation of 
25-OH-cholccalciferol (Cl position) into l,25-20H-cholccalciferol (phys¬ 
iologically active form), that acts simultaneously on the kidneys and small 
intestine to facilitate both Ca“ + and phosphate reabsorption. 

The syndrome of vitamin D resistance develops if the kidneys arc unable 
to produce its active metabolite, 1,25-20 H-cholecalciferol, despite normal 
vitamin D intake and availability. This condition can be cither inherited 
(la-hydroxylasedeficiency) nr acquired (chronic renal failure, CRF). 


Prostaglandins 

Vasodilate the afferent arterioles to increase Cl RE. Prostaglandins PGE-, and 
PC1 2 , and bradykinin cause vasodilation, which in turn increases RBE and 
ORE The use of NSAIDs inhibits prostaglandin production and their effects. 

Hormones Acting on the Kidney 

Just as the kidney produces several hormones, several more affect kidney func¬ 
tion: atrial natriuretic factor, parathyroid hormone (PTH), aldosterone, angio¬ 
tensin II, and ADH (see Table 8-9 ).' 
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TABLE s - 9 . Summary of Hormones Acting on the Kidney and Their Sites of Action 

...nminii^«i i niinm i iiiii—wmmminiiiiimrnnimii 
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Hormone 

Stimulus 

Mechanism and Site of Action 

ADH 

Increased plasma osmoiarity 

Decreased blood volume 

increases permeability of principle cells In collecting 

ducts. 

Increases urea absorption In collecting ducts. 

Increases Na + -K + -2Cl" transporter in thick ascending 

limb. 

Aldosterone 

Decreased blood volume (via angiotensin II) 
Hyperkalemia 

Late distal tubule and collecting ducts: 

Increases Na + reabsorption. 

Increases K + excretion. 

Increases H+ excretion. 

Angiotensin II 

Decreased blood volume (via renin) 

Contraction of efferent arteriole resulting in increased GFR. 

ANF 

Increased atrial pressure 

Decreases Na + reabsorption; increases GFR. 

PTH 

Decreased plasma Ca 2 * 

Increases Ca 2+ reabsorption. 


Decreases P0 4 " reabsorption. 

Increases 1,25(QH)2 vitamin D production. 




Atrial Natriuretic Factor 

The cardiac atria release atrial natriuretic factor (ANF) (a peptide) in response 
to increased stretching of the muscle fibers (secondary to volume overload or 
right heart failure)* ANF causes vasodilation of the afferent arterioles, vaso¬ 
constriction of efferent arterioles, and decreased sodium rcabsorption in the 
late distal tubules and collecting ducts. However* ANF will only cause small 
changes in BP (small increase in GFR), and its effects gradually decline 
within 24 hours despite the quantity of ANF secreted. 

Parathyroid Hormone 

PTI1 exerts two main actions on the kidneys: 

Inhibition of phosphate rcabsorption in the PCI'* This is accomplished by 
inhibition of the Na + /phosphate co-transport. Phosphaturia is followed by 
increased cAMP excretion (urinary cAMP). This action of PTH on the 
kidney is important for the overall ECF Ca ++ availability* Excess phos¬ 
phate, resulting from decreased phosphate secretion leads to “(rapping" 
(complexing) of the free Ca + \ thus, reducing its availability in the plasma. 
Stimulation of Ca ++ reabsorption (hypocalciuric action) in the DGT. 
This occurs via the basolateral receptors, which employ the second mes¬ 
senger system i.e«, conversion of AMP to cAMP. This further increases 
the availabitlity of free Ca f+ in plasma ( a tertiary resource following bone 
resorption and phosphaturia). 

Renin-Angiotensin-Aldosteroni System 

The HAAS functions to allow I he kidneys to regulate BP (see Figure 8-27). 
Renin is an cn/vme synthesized and stored as an inactive compound, pro- 
renin. in the juxlaglommdar cells of the kidneys (located in the walls of the 
afferent arterioles proximal to the glomeruli). 


CLINICAL 
» CORRELATION 


Renal osteodystrophy results 
from hyperphosphatemia 
and hypocalcemia, both the 
result of little to no phosphate 
excretion by damaged kidneys, low 
vitamin D levels, and/or tertiary 
hyperparathyroidism. 



CLINICAL 

CORRUPTION 


Na + and Ca ++ reabsorption is 
not coupled at the level of the 
distal tubule, Therefore, use 
thiazide diuretics in cases of 
idiopathic calciuria-though they 
inhibit Na* reabsorption, they also 
act to increase rcabsorption and 
prevent loss of Ca ++ from the ECF, 
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FIGURE 8*27* The rennin-angiotensm-aldosterone system (RAA5). JGA = juxtaglomerularapparatus. 



FLASH BACK 


• p t Agonists (e.g., isoproterenol) 
stimulate renin secretion, 

■ Antagonists (e,g., 
propranolol) inhibit renin 
secretion. 


Severn! factors affect the release of renin into the bloodstream: 

KaN in arterial BP (hypotension), which results in decreased renal perfu¬ 
sion. This is perceived as a decreased stretch signal by the juxtaglomerular 
cells, which respond by excreting renin. 

Increased renal parasym phallic tie activity* 

|5j agonistic stimulation. 

Decreased Na + load/Na + deliver}- to the kidneys. 


These conditions initiate the conversion of prorenin to renin in the juxta¬ 
glomerular cells, and its subsequent release into the bloodstream, where renin 
enzymatically cleaves angiotesinogen to release angiotensin L Angiotensin 1 is 
then cleaved by angiotensin-converting enzyme (ACE), found in the endothe¬ 
lium of lung vessels and kidneys, to form angiotensin II, 


There arc at least three mechanisms by which circulating angiotensin It ele¬ 
vates arterial BP: 

Direct vasoconstriction (fast response): Constriction of the arterioles 
increases total peripheral resistance (TPR), and constriction of the veins 
promotes increased venous return of blood to the heart, both of which 
increase BP. The efferent arterioles of the kidney are especially affected. 
Decreased excretion of salt and water via stimulation of aldosterone syn¬ 
thesis (slow response) in the adrenal glands. Aldosterone promotes Na + 
reabsorption in the distal tubules and collecting ducts, which leads to 
increases in the ECF and blood volumes. 

Direct action on the kidneys: This action is independent of its actions 
via the aldosterone pathway. In this case, angiotensin M stimulates Na + /H + 
exchange at the level of the proximal tubule, thus increasing the reabsorp- 
tion of Na + and HCO^“ 













































Angiotensin II only persists in the blood for only I or 2 minutes before it is 
inactivated by angioiensinase* Fortins reason, the angiotensin H stimulation 
of aldosterone production is more influential in restoring arterial BP than are 
angiotensin's acute vasoconstrictive actions* 

Aldosterone 

A mineralocorticoid synthesized in the zona gloincrulosa of the adrenal cor¬ 
tex. While ACTH is the primary regulator of the corticosteroid hormones, 
aldosterone s synthesis and excretion are mainly regulated by changes in ECF 
via the renin-angiotensin system and changes in scrum K + levels* 

late distal tubule: Aldosterone cxcrls its action via stimulation of the tnin- 
cralocortieoid receptors (MRs) on principal cells* This action increases the 
permeability of their apical (luminal) membrane to sodium and potassium 
by adding newly synthesized proteins (Na + channels; Na + /K + -ATPase and 
enzymes of the citric acid cycle), which stimulates ATP hydrolysis, reab- 
sorption of Na" and water into the blood, and K" secretion into the urine. 
Collecting duct: Aldosterone also stimulates 11* secretion by ot-intercalated 
cells, thus regulating plasma I ICO-" levels and acid-base balance. 

Antidiuretic Hormone 

Also known as vasopressin, ADI I plays a major role in determining whether 
llie kidney produces and excretes concentrated or dilute urine (see Figure 
8-28). It originates in the posterior pituitary gland, and is produced in response 
to high serum osmolaritv or significantly diminished blood volume. It is also 
produced in response to angiotensin 11 as part of the renin-angiotensin path¬ 
way, which acts lo increase blood volume and BP, 


j Plasma volume 



j Blood pressure 


Baroreceptors 

j ADH secretion 



| Water re absorption 



| Total body water 


| Excess ingestion 


d osmolality 


I secretion 


3 




Water reabsorplion 



KEY FACT 


Overall angiotensin II serves to t 
intravascular volume and T BP. 



FLASH BACK 


MRs belong to the group C: 
3-ketosteroid receptors, 
members of the nuclear 
receptor family that employs 

ligand-activated intracellular 
transcription factors to up- or 

downregulate the expression of 
genes in target cells. 



KEY FACT 


Mineralocorticoid escape is 

the ability of the glornerotubular 
autoreguiatoiy mechanism Lo 
override the action of aldosterone 
in cases of increased ECF (volume 
expansion). 


FICURE 8-28. Regulation of water balance. The two nm joe pathway* for altering total 
body water: On (he left, changes in ADI1 release from the anterior pituitary are triggered by 
changes in blood volume. On the right, decreased osmolality causes swelling of osmoreceptor 
cells in the anterior hypothalamus, which inhibits ihcir firing and inhibits adjacent superoptic 
nuclei cells that reduces ADH secretion from their axonal extensions in the posterior pituitary. 
(Modified, with permission, from ballon DC, Pooler |P, Vamkra Renal Physiology t 6th ed. New 
York: McGraw-Hill. 2(1(14: 12?.) 
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CLINICAL 

CORRELATION 


Syndrome of Inappropriate ADH 
secretion (SIADH) excessively 
concentrated urine and 
inappropriately dilute serum 
hyponatremia, 

SIADH is most commonly caused 
by CNS disease or as a 
paraneoplastic syndrome. 


ADH acts on the V2 receptors on the principal cells in flic collecting 
ducts. It causes an increase in the number of functioning water channels 
(aquaporins) thereby increasing permeability of the collecting ducts to 
water. 

Presence of ADH leads to the passive reabsorption of large amounts 
of water in the collecting ducts, thus decreasing urine volume and 
increasing urine concentration (hyperosmotic urine). 

In the absence of ADH, the collecting ducts are virtually imperme¬ 
able to water, and large amounts of very dilute (hyposmotic) urine are 
excreted. 

In high levels, ADH also acts on VI receptors on arterioles to cause vaso¬ 
constriction. 'This is particularly important in the selling of hemorrhage, 
hi which ADH helps maintain systemic BP 

Decreased pressure leads to activation of the RAAS (sec Figure 8*28), 
which raises total peripheral resistance and venous return. 

Systemic baroreceptors (be., carotid sinus) sense decreased BP, which 
causes ADH release from the posterior pituitary gland, ADH acts on 
the kidnevs to retain volume, and acts on systemic arterioles to main¬ 
tain pressure* 


Through these actions the kidneys retain fluid and systemic pressure is main¬ 
tained, thereby counteracting hemorrhagic hypotension. 


ACID-BASE HOMEOSTASIS 


Adds and Bases 

The body maintains scrum pH within a light range (approximately 7,40 ± 
0.05) via a complex system that regulates acid production by metabolic pro¬ 
cesses, Importantly, most enzymes in the body function optimally within a 
very small pi 1 range. 

Adds 

Kxist as hydrogen ions containing a single free proton in the form of Hb Mol¬ 
ecules capable of releasing hydrogen ions into solution arc known as acids. 

Strong acids rapidly dissociate into their ionic components in solution 
(e,g., HCI —> 11 1 + Cl")* 

Weak acids are less likely to rapidly dissociate as ionic components, and 
less readily release H + . Carbonic acid (H^CQj) is an example of a weak 
acid. 

Bases 

Any ion or molecule that can accept a hydrogen ion. They usually have a net 
negative charge in solution. 

Strong bases readily and strongly accept hydrogen ions in solution, rapidly 
clearing the hydrogen ion concentration. For example, the hydroxide ion 
(OH') is a strong base. 

Weak bases less readily accept hydrogen ions, resulting in a much weaker 
interaction than that of a strong base. Bicarbonate (HCO^') is an example 
of a weak base. 

Buffers 

Ionic compounds that resist changes in pH when acid is cither added or 
removed. Buffers function along a titration curve and are most effective along 
the linear portion of the curve (±1,0 pH unit from the pK ;1 value for that par- 






ticuiar buffer). Buffer-acid interactions may be calculated using the Hender- 
son-Hasselbalch equation. 

pH = pK n + log [A“]/[HA] 

where A“ is the base form of buffer and HA is the acid form of buffer. 

Acid Production 

Acid production within the body is of two types, volatile and non-volatile. 
Most of the acids in the body are weak acids, with the exception of hydrochlo¬ 
ric acid (HC1“), secreted in the form of gastric acid. 

Volatile Acid 

Produced in the form of C0 7 via cellular metabolism. The C0 7 produced 
then reacts with H,0 via the enzyme carbonic anhydrase to produce the reac¬ 
tion below: 


C0 3 + H z O <-> H 2 C0 3 <->H + + HCO,- 


Nonvolatile Acid 

The product of protein catabolism in the form of sulfuric acid and phospho¬ 
lipid catabolism in the form of phosphoric acid. Other nonvolatile acids pro¬ 
duced by the body include salicylic acid, lactic acid, and ketones. 

Physiologic Buffers 

’l'he body has several molecules that act as a buffer system. These arc catego¬ 
rized based on their location in relation to the cellular membrane: intracel¬ 
lular and extracellular. 

Intracellular Buffers 

Consist of proteins and organic phosphates. 

Proteins: Certain chemical compounds in amino acids, such as alpha- 
amino groups and imidazole groups, have pH values within the physi¬ 
ologic pH range and are, therefore able to act as buffers due to their net 
negative value. Hemoglobin is also an intracellular buffer. 

Organic phosphates: These include metabolic substrates including AMP, 
ADP, ATP, and 2-3-diphosphoglycerate. 

Extracellular Buffers 

Consist ofHCO-j~and phosphates. 

Major: HCO^“ is Ihe major extracellular buffer. It is produced via a reac¬ 
tion catalyzed by carbonic anhydrase. 

Minor: Phosphate is the minor extracellular buffer. Its most important 
function is as a buffer of urine. 

Acid-Base Homeostasis 

The body uses chemical buffer systems to regulate acid-base homeostasis. 

Buffer Systems 

Consist of a pair of substances, a weak acid and weak base that undergo a 
reversible chemical reaction. The weak acid yields free H + as the hydrogen 
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ion concentration [H + ] starts to fall, while the weak base can bind with the 
free II + when [H + ] starts to rise. 

The 1 lenderson-Hasselbalcli equation describes the relationship between 
(ll f l and the members of a buffer pair. This equation fits the titration curve 
for all weak acids. 


proton acceptor 
P' I - P a + °g p ro ton donor 


= P K „ + !o § 


[H + ] 


Slated in terms that describe the blood bicarbonate buffer: 

[HCO,-] 

R h = 6 - 1 + i °swt4t 

r f1ic major chemical buffer system that the body uses to regulate ext race h 
hilar acid-base balance is the carbonic acid/bicarbonate buffer system. It is 
expressed as the carbonic anhydrase reaction: 

C0 2 + HjO H 2 G0 3 M + + HCOf 

1 liis is a reversible equilibrium reaction. The body regulates hydrogen ion 
concentration via C0 2 and HC0 3 ~ concentrations in the blood. The kidneys 
and lungs arc the principal organs responsible for regulation of acid-base 
homeostasis. 


Physiologic pH 

Normal blood pH is 7.4, and may range from 7,35 to 7.45, Values beyond 
the levels of 6.8-8,0 are nearly incompatible with life due to changes in enzy¬ 
matic function and protein denaturation. 

Acidemia vs acidosis: 

Acidemia is a nonspecific term describing an increase in hydrogen ion 
concentration in the blood, and is applicable when pH fills below nor¬ 
mal (< 7.15), 

Acidosis describes specific metabolic derangement responsible for pH 
changes (e.g., metabolic acidosis). 

Alkalcmia vs alkalosis: 

Alkalemia: Decrease in hydrogen ions or increase in bicarbonate ions 
that raises the pH above normal levels (> 7.45). 

Alkalosis describes the specific metabolic derangement responsible for 
pi \ changes, 

Acid-Base Homeostasis: The Kidney 

Through a variety of mechanisms, the kidney is the primary regulator of IP 
and HC(T“ in the scrum. Since renal compensation occurs through chemi¬ 
cal buffers under hormonal control, serum changes in pH and clinical symp¬ 
toms become evident relatively slowly (i.c., over hours to days). 

Renal production of H + and HCGt”: Proximal and distal tubule cells 
contain intracellular carbonic anhyarase that produces H + and I1CO-" 
from CO, and 11,0 via the intermediate of 1 UCO v 
Secretion of HT The hydrogen ion may be secreted in two forms: Tit rat¬ 
able acid (H ? P0 4 ^) and ammonium {XI1 4 + ), 
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Secretion as H 7 P0 4 - : Excretion of H + as titratable acid depends on the 
amount of urinary buffer (phosphate) present, as well as the pK of that 
buffer. Once 11* is secreted, it combines with HP0 4 __ , resulting in a net 
secretion of II ' ions. This accounts for the pH of urine being lower than 
that of scrum, approximately 4.5. 

Secretion as Nll 4 + : This mechanism depends on the amount of ammo¬ 
nia synthesized (from glutamine) by renal cells. Secretion of NH- depends 
largely on urine pH. The lower the pH, the greater secretion of H + and 
NH ; as KH 4 + . In states of acidosis there is a compensators increase in this 
process in order to increase 1T secretion. 

Rcahsorption of IlCO; - : Reabsorption of bicarbonate is regulated bj 
increased Pen,, as well as angiotensin II. which stimulates the Na+-H+ 
csehange pump, This in turn leads to an increase in bicarbonate reab¬ 
sorption and eventual contraction alkalosis. Increased PCI 'volume causes 
decreased I ICO; - reabsorption and dilutional acidosis, while decreased 
F.CI 1 volume results in increased HCO;~ reabsorption (contraction 
alkalosis). 


Acid-Base Homeostasis: The Lungs 

The lung is also a primary regulator of acid-base homeostasis. While altered 
ventilatory states may be responsible for primary derangements, they' may also 
compensate for primary metabolic derangements, because respiration is an 
open gas system (that is, the scrum concentration of dissolved CO, is kept 
constant by altering the ventilatory rate), compensation takes place through 
gas exchange. Compensatory changes in ventilatory rale can be seen within 
minutes. 


Compensation states: Metabolic processes resulting in of bicarbonate 
concentration derangement, will be followed by a compensatory change 
respiratory rate, and thus in carbon dioxide concentration. 

Metabolic alkalosis (increased I ICO;”) —» decreased respiratory rate, 
promoting retention of CO, and an increase in pH. 

Metabolic acidosis (a loss of 1 ICO-") —» increased respiratory rate, 
decreased C0 7 , and a decrease in pi f. 

Derangement slates: The lungs may also be I lie primary cause of either a 
respiratory alkalosis or acidosis. 

Metabolic Acidosis/Alkalosis 


TO 


MNEMONIC 


Metabolic Acidosis 

Occurs secondary to either a loss of bicarbonate or an excess of acid. Condi¬ 
tions that lead to metabolic acidosis can be differentiated based on the anion 
gap, defined as: 

[Na + - (HCOf + Cl")] (normal = 10-12) 

Metabolic Alkalosis 

Occurs secondary to either a loss of acid or excess of base; 

« Emesis 

I hperaldosl cron ism 

Diuretics (loop and thiazide) "contraction alkalosis" 

Laxative abuse 

I lypercaleeinia/tiiilk-alkali syndrome 
Hypokalemia 


Anion gap acidosis; MUDPILES and 
noivgap acidosis: HARDUP. 


High anion gap 
Methanol 
Uremia 
Diabetic 
ketoacidosis 
Phenformin, 
Paraldehyde 
Isoniazid, 
Infection, iron 
Lactic acidosis 
Ethylene glycol, 
Ethanol 
Salicylates 


Normal anion gap 

Hyperalimen¬ 

tation 

Acetazolamide 
Renal tubular 
acidosis 
Diarrhea 
Ureter oenteric 
shunt 

Pancreatic listula 












Respiratory Acidosis/Alkalosis 
Respiratory Acidosis 

Occurs secondary to retention of CO-.. This can result from conditions that 
inhibit the medullary respirator) center (decreased respirators drive), weaken¬ 
ing nr paralysis of the muscles of respiration, nr decreased C0 7 exchange (sec 
'Eable 8-10), 



KEY FACT 


Respiratory Alkalosis 

Occurs due to low-plasma concentrations of CO*,. '1 his can result from con¬ 
ditions that affect the CNS, the respiratory system, or from iatrogenic causes 
(see Table 8-11). 


In primary respiratory aod-base 
drsorders, deflection of pH and Pco 3 
occur in opposite directions. 



Acidemia (pH < 740) produced 
by a primary respiratory acidosis 
results in Pco ? > 40 mmHg. 

Acidemia produced by a primary 
metabolic acidosis results in Pco^ 
<40 mmHg, 


Acid-Base Clinical Implications 

The key points when approaching a clinical scenario involving an add-base 
disturbance (sec 'Fable 8-12) arc the following: 

The lungs regulate the concentration of Pco 7 . 

Kidneys regulate concentration of HCCT. 

Compensation is never complete (be,, pi 1 never returns to 7.40). 

The next step in analysis is to determine whether the response is an acute or 
chronic process: 

The answer lies in the normality of the pi 1 relative to the derangement in 
Pees. 

lb achieve this, sufficient time must pass to allow the kidney to compen¬ 
sate for the primal)' disorder (i.c\, hypocapnia) by excreting, or retaining, 
bicarbonate. 

Chronically, for every drop of 10 mm I lg in PtXty* we expect a compensa¬ 
tory reduction in bicarbonate of about 5 nitnol/L. 

If the compensation is not appropriate, there must be another process 
occurring simultaneously. That is, a mixed acid-base disorder exists. 


TABLE G -1 o. Causes of Respiratory Acidosis 


Mllli'JHtl 1 11( 1 u III K* -iYr*ll If If 

Mechanism 

mu i nr 11 III 111 Itt« t-v ,VJ .M111 if mm uifiu mil nil immiV'+tm/Ji mill ItJi 11 • is < t mi m mi ttjf ti 

Causes 

Inhibition of medullary respiratory 

center 

Drugs (opiates, sedatives, anesthetics) 

CNS tumors/trauma 

CNS hypoxia 

Hypoventilation of obesity, Pickwickian syndrome 


Weakening or paralysis of muscles Guilta<n-Barr£ syndrome 

of respiration Myasthenia gravis 

Toxins (botulinum toxin, organophosphales) 
Muscle relaxants 

Scoliosis, certain myopathies, muscular dystrophy 


Decreased C0 2 exchange 


Chronic obstructive pulmonary disease 
Acute respiratory distress syndrome 
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TABLE 8*11, 

Causes of Respiratory Alkalosis 

Mechanism 

Causes 

Central 

Head trauma 

Stroke 

Anxiety, stress, hyperventilation 

Drugs (salicylate intoxication) 

Certain endogenous compounds (e.g., progesterone in pregnancy) 

Pulmonary 

Pulmonary embolism 


Asthma 


Pneumonia 

Iatrogenic 

whim m iwuimwwiiiwr 

fncreased respiratory rate while on controlled ventilation 


Signs of mixed disorders include: 

Marked increase in pi I wilh little change in [\:c> 2 and [HGDj~|* 

Marked increase in Pco? and [I lCQj“] with litllc change in pi L implying 
offsetting a bn on ual ides. 

II a mixed disorder is suspected, then calculate the anion gap and determine 
whether an excess exists. A simplified analysis of the excess anion gap {also 
called della-delia analysts) is shown below. 

AAnion gap (AG) = Calculated AG - 12 

A [HCO^] = 24- Measured [HCO ; '| 


TABLE 0-12* 

Summary of Primary Acid- 

-Base Disturbances 



Disorder 

PC0j + HjO *-> 

H + 

+ HCOj- 

Respiratory Compensation 

Renal Compensation 

Metabolic 

acidosis 

l 

t 

* 

Hyperventilation 

T [H + ] excretion 
t [HC0 5 1 up 

Metabolic 

alkalosis 

r 

i 

IT 

Hypoventilation 

T {HCOjI 
excretion 

Respiratory 

acidosis 

ft 

T 

T« 

None 

I [hT] excretion 
t [HCOj-] up 

Respiratory 

alkalosis 

b 

A 

X 

None 

J- IH*J excretion 

A (HCOj-] up 


ft or U = Primary disturbance. 

* or i = Effect of primary disturbance or compensation. 

J May be unchanged or slightly lower according to the HendefSorvHasselbalth equation: 
pH = 6.1 + log [HC0 3 1/[C0 3 I Normal fHCCg/[C0 2 ]« 20. 
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Compare flic two: 

A AG > A [HCO,“] = Metabolic alkalosis + Metabolic acidosis 
A AG < A [HCOj - ] = Wide AG + Non-AG metabolic acidosis 
“Equal? = Wide anion gap metabolic acidosis 

No anion gap implies non-anion gap metabolic acidosis (also known as hyper¬ 
chloremic acidosis). Intuitively, ii there is metabolic acidosis with no anion 
gap, the only serum anion that can be causing it is chlorine. 

This analytical thought process is depicted in Figure S-29. 

Acid-Base Nomogram 

The nomogram is a quick reference tool that can he used during clinical rota¬ 
tions (see Figure 8oQ). 



T Anion pap 
MUDPILES - see texi 
« Renal failure 

* Ketoacidosis (diabeles mehitus) 

- Lactic acidosis 

- Ethylene glycol (antifreeze) 

- Salicylates (aspirin) ingestion 


Normal anion oao (must be t Cl l 

- Diarrhea 

- Glue sniffing 

- Renal lobular acidosis (RTA) 

( # NQ T glucose like you see w/DM) 

- Hyperchloremia 

- Diuretics 

- IV fluids (too much) 


Anion gap = Na + - (Cl" + HC0 3 “) 
Normal anion gap = 12 ± 3 mEq/L 


FIGURE 8-29, Flowchart describing simplified acid-base analysis. 
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Arterial blood [H+] (nmol/L) 





“ Acute ' 
respiratory 
acidosis j 


Acute 
respiratory 
. a'kafosis . 


Chronic 


rospFfllory 


P C (v 


100 90 80 70 60 


O' 48 


7.00 7,10 7.20 7.30 [7.40| 7.50 7.60 7.70 7 flO 


Arterial blood pH 


FIGURE 8-30. Add -base (Davenport) nomogram. Note that the center of the diagram 
is detailed in Figure S-31, (Modified, with permission, from Ganong WK Review of Medical 
P/iysfe/Ggy, 22nd ed, New York; McGraw-Hill, 2005: 734.) 

While the acid-base nomogram is an indispensable clinical tool, it is practi¬ 
cally impossible to memorize for test purposes. Figure 8-31 provides a simpli¬ 
fied version depicting the center of the nomogram. Knowing this basic setup 
answers the simple acid-base problems very quickly, ft also helps to narrow 
down your answers if you do not know where to start with a more complicated 
mixed disorder. (See Table 8-13.) 



figure B-n. Center of the Davenport acid-base nomogram, simplified approach, lb 

read this chart Compensation is always toward flic middle (i.e,, hack to normal: pH - 7.4. 
IICO* - 24, Pco^ = 40.) Upper left quadrant (R) - respiratory acidosis; bottom left quadrant 
1M i - metabolic acidosis: upper right quadrant (R) - metabolic alkalosis; but loin right quad¬ 
rant (M) - respiratory’ alkalosis. Kvery thing in die middle quadrants = mixed respiratory/ 
metabolic. 






































































TABLE 8-13* Sample Problems 



Sample problem I: 

A 21-year-old male medical student presents to the infirmary with a 2-day history of nausea and vomiting. His temperature is 100,4° F, 


BP is 100/60 mmHg supine and B0/50 mmHg sitting, and pulse is 100/min supine and 130/min sitting. His examination is otherwise 
unremarkable. Serum electrolytes are: Na = 134 mEq/L; K- 3.2 mEq/L; Cl = 90 mEq/L; and HCO^ = 32 mEq/L Urine electrolytes are Na < 10 
mEq/L and Cl < 10 mEq/L, An arterial bbod gas shows pH 7.47, Poo 2 45 mmHg; and Po 2 98 mmHg. What acid-base disturbance is present? 

a. Chronic respiratory acidosis, 

b. Metabolic alkalosis. 

c. Mixed nonunion gap metabolic acidosis and metabolic alkalosis. 

d. Mixed respiratory acidosis and metabolic alkalosis. 

e. Mixed respiratory acidosis, nonunion gap metabolic acidosis, and metabolic alkalosis* 

Answer: (b) Metabolic alkalosis. 

Clinically, the scenario is consistent with a metabolic disturbance caused by loss of add. Laboratory values should confirm what we 
already suspect Applying our analytical approach, the minimum diagnosis has to be metabolic alkalosis based on alkalemic pH and 
concurrent hypercarbia (pH and Pco 2 are both increased). 

Next, is the compensation appropriate? For every 10-mmoJ/L rise in plasma bicarbonate, Pco 2 should rise by 6 mmHg. in this case, the 
bicarbonate is up 8 mmol/L and the Pco 2 is up 5 mmHg, which is appropriate. The anion gap is 12, which is normal. 

Sample problem 2: 

A 20-year-old African American woman presents to your emergency room with new-onset type 1 DM (DM-1) accompanied by a 3-day 
history of anorexia, nausea, and vomiting. Her vitals include temperature 1D0*F, BP 98/60 mmHg supine and 80/50 mmHg sitting, pulse 
90/min supine and 130/min sitting, and respirations are 24/min. Urinalysis shows 4+ glucose and ketones. Serum electrolytes are: Na = 
136 mEq/L, K = 5,3 mEq/L, Cl = 94 mEq/L, and HC0 3 = 14 mEq/L, Serum glucose = 424 mg/dL and BUN = 30 mg/dl, and creatinine 
=1,0 mg/dL. Arterial blood gases show pH 7.32, Pco 2 28 mmHg, and Po 2 is 98 mmHg. What acid-base disturbance is present? 

a. Chronic respiratory alkalosis. 

b. Wide anion gap metabolic acidosis. 

c. Mixed anion gap metabolic acidosis and metabolic alkalosis. 

d. Mixed respiratory alkalosis and wide anion gap metabolic acidosis. 

Answer: (c) Mixed anion gap metabolic acidosis and metabolic alkalosis. 

Clinically, one should suspect a mixed disorder based on the time course. Applying our analytical approach, the minimum diagnosis of 
metabolic acidosis is based on acidemia (pH < 7,4) with concurrent low Pco 2 , Next, to determine whether the compensation is appropriate, 
the rule is Pco 2 = L5x [HCQ 4- 8 + 2, In this case, the observed value of Pco 2 = 2B is appropriate. Next, we want to explain the metabolic 
component. Calculating the anion gap as {sodium] - ([chloride] + [bicarbonate]) produces a value of 28 in this case, well above the 
normal of 12. So, we have at least a wide anion gap metabolic acidosis. We then have to compare the "'delta" anion gap with the "delta” 
bicarbonate concentration. In a simple wide anion gap acidosis, "delta" gap = "delta’ bicarb. Here, however, 'delta" gap = 2B (observed) 

- 12 (normal) = 16, 'Delta’ bicarb = 24 (normal) - 14 (observed) = 10* Since 'delta' gap is greater than 'delta' bicarb, there has to be 
concurrent metabolic alkalosis. These conclusions are consistent with the clinical picture of plasma volume contraction and vomiting. 



Red blood cell casts White bfood cell casts Hyaline casts Granular casts 


figure 8*32* Morphology of renal casts* 









KEY FACT 


Presence of caste indicates that 
hemaiuna or pyuria is of renal origin. 


Casts seen on urinnfysts can be an indication of tubular pathology tscc Figure 
Ho2). Cells within the casts reveal an intrarenal source. Other casts such as 
hyaline casts are seen in normal individuals, but arc also seen in low-intra¬ 
vascular states* All casts are made of a protein matrix primarily composed of 
Tamm-Horsfall mucoprotein (see Tabic 8-14). 


GLOMERULOPATHIES 


4lie term glomerulopathies applies In a group of conditions that affect the 
glomeruli. These entities are divided into two major groups {sec Table 8-15), 
based on their pathogenesis and clinical manifestations. 


NEPHROTIC SYNDROME 


Tim condition results from an increased permeability of the CBM, sec¬ 
ondary to various infra- and extrarenal insults. The intact GBM is negatively 
charged, thus preventing filtration of proteins in urine. In nephrotic syn¬ 
drome, however, the charge is lost, which accounts for the loss of plasma pro¬ 
teins (predominantly the low-molecular-weight albumin) in the urine. 



FLASH BACK 


Type I! hypersensitivity: Anti- 
GBM diseases; linear deposits 
of IgC along the GBM; Consider 
Goodpasture's and type I rapidly 
progressive glomerulonephritis 
(RPGN), 



FLASH BACK 

h_ 


Type 111 hypersensitivity: 

Granular deposits of IgG- 
antibody-complement; consider 
poststreptococcal and type I! RPGN 
and membranous glomerulopathy. 


TABLE B- M. 

iii iimrrf*uiiiiiii«**i*iii i i if 

Urinary Casts 

#111II J|#|| 1 i rrf/ B f i ■‘ill Mil Mil tfT# II H-UjAl 111 If ff 11 11M Mil 11 111! ^ *f®Plfi|! 11 if it 1 fSKWHM #* l if CM 11 

Casts 

Causes 

Findings 

Epithelial cell 

casts 

AIN, ethylene glycol toxicity, heavy metal poisoning, 
acute rejection of transplant graft. 

Desquamated tubular cells in a protein matrix. 

RBC casts 

Glomerulonephritis: IgA nephropathy, poststreptococcal 
glomerulonephritis, and Goodpasture's syndrome. 
Malignant hypertension. 

Vasculitis. 

Renal ischemia. 

Clumps of RBCs indicating RBCs are of glomerular 
origin versus bladder origin (e.g., bladder cancer). 

WBC casts 

Pyelonephritis. 

Interstitial nephritis. 

Lupus nephritis. 

Clumps of WBCs. 

WBC casts indicate inflammation in renal 

interstitium, tubules, and glomeruli. 

WBCs in urine indicate acute cystitis. 

Hyaline casts 

Often seen in normal urine. 

Pyelonephritis. 

Classy looking. 

Composed of Tamm-Horsfall protein. 

Granular casts 

Severe renal disease. 

Nephrotic syndrome. 

Derived from renal tubuiar cells. 

Fatty casts 

Nephrotic syndrome. 

Fat droplets in hyaline matrix. 


Maltese-cross configuration. 


HIIIJIIUE 


iltriii 


[ii(]}rni tpiimiiiti i) f ubi luiuiiiui 


mini* 


Huw* 
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KEY FACT 


High ratio of low- to high*MW 
proteins (afbumm to globufin) 
indicates highly selective 
proteinuria, with albumin and 
transferrin in the urine. 


TABLE & -1 5* General Division of Glomerular Diseases 


Conditions That Manifest With 

Nephrotic Syndrome 
(Increased GBWt Permeability) 

CoNomoNs That Manifest With 

Nephritic Syndrome 

(Inflammatory Damage to the Glomeruli) 

Minimal change disease 

Acute proliferative glomerulonephritis 
(poststrep toccoca f/i nfe ct io u s). 

Focal segmental glomerulosclerosis 

Rapidly progressive glomerulonephritis (RPGN, 
crescentic). 

Membranous glomerulopathy 

Anli-GBM disease. 

Goodpasture's syndrome. 

MPGN a 

MPCN 4 . 

Diabetic nephropathy associated with 
multi systemic disease 

IgA nephropathy (Berger's disease). 

Renal amyloidosis associated with 
multisystemic disease 

Hereditary nephritis (Alport's syndrome)* 


<*MPGN can present as either nephrotic or nephritic syndrome. 



CLINICAL 

CORRELATION 


The excess fluid in the body may 
take several forms: 

» Puffiness around the eyes, 
characteristically in the morning. 

■ Pitting edema over the legs. 

■ Pleural effusion. 

« Ascites. 



KEY FACT 


Proteinuria (> 3.5 g/24 h), 
hypoalbuminemia, edema, 
hyperlipidemia, and 
hypercoagulation are the hallmarks 
of nephrotic syndrome. 



FLASH BACK 


Patients with nephrotic syndrome 
are at increased risk of infection with 
staphylococci and pneumococci. 


Nephrotic syndrome is characterized by a complex of secondary metabolic 
changes that are characteristic for nephrotic syndrome: 

Massive proteinuria (> x5 g/24 hi* 

Hypoalhuniinemia (plasma albumin level < 3 g/dL) develops secondary 
lo the proteinuria. Albumin accounts for ~ 6(1% of total human plasma 
proteins and is the main mediator of the serum oncotic pressure. There¬ 
fore, massiv e loss of albumin sets the stage for development of edema* 
Tdcnia starts to develop as a result of lowered oncotic pressure, which 
leads to loss of fluid from flic circulation into the interstitial space* 
Decreased intravascular volume further leads lo activation of I he RAAS* 
sympathetic activation* release of vasopressin, and decreased atrial natri¬ 
uretic peptide. All of these changes result in increased renal electrolyte 
and water retention, thus adding to the edema. 

Hyperlipidemia and consecutive lipiduria result from an increased pro- 
duction of serum proteins by the liver in an attempt to maintain (increase) 
the oncotic pressure. However* the liver is not able to synthesize sufficient 
quantities of lipoproteins in order lo successfully counteract the edema or 
hypoalhuniinemia. 

I lypercoagulability .secondary' to the loss of anticoagulant factors through 
liie damaged glomeruli. 

There are different pathologies that result in a clinical presentation of neph¬ 
rotic syndrome. The definitive diagnosis can only lie made with a renal biopsy. 
However, each of the following disorders has associated symptoms and time 
courses that help to guide diagnosis and treatment* 

Minimal Change Disease 

Minimal change disease is the most frequent cause of nephrotic syndrome in 
children (over h(\7c of cases; seen in those aged 2-3 years). It is so named due 

































to the normal appearance of the glomeruli observed under tight microscopy, 
while electron microscopy shows loss (effacement) of the visceral epithelial 
foot processes, thus causing increased glomerular permeability. 

Proximal tubules are often heavily laden with lipids secondary to increased 
tubular reabsorption of lipoproteins passing through the injured glomeruli, 
hence the old name ‘lipoid nephrosis/ 1 


Presentation 

Patients with this disorder will most frequently be children between the ages 
of 2 and 3 years. Symptoms manifest as an insidious onset of nephrotic syn¬ 
drome without any other obvious clinical disease (no hypertension). The pro¬ 
teinuria is termed “selective” because primarily albumin is lost. Renal func¬ 
tion is normally maintained, with only a slight decline in GFR in 
of patients. 



KEY FACT 


Diagnosis 

As with all glomerulopathies, diagnosis is dependent on renal biopsy. 

Light microscope (see Figure 8-33): No obvious morphologic changes are 
seen in the glomeruli, other than the lipoid appearance of the cells in the 
proximal tubules (lipoid nephrosis). 

Electron microscope: Effaeeinent of visceral epithelial foot processes and 
increased lipoproteins in the PCI's, 


Minimal change disease is also 
known as lipoid nephrosis, nil 
disease, or foot process disease. 



KEY FACT 

1 _ 


Definitive diagnosis of minimal change disease can only be made when 
nephrotic syndrome is associated with glomeruli showing diffuse loss of foot 
processes on electron microscopy. 

Treatment 

Initial therapy includes high-dose oral glucocorticoids (prednisone) for up 
to 8 weeks. For those that fail to achieve lasting remission (defined as either 
relapse during steroid therapy, or recurrence more than three times per 
year after the steroid taper), alkylating agents such as cyclophosphamide or 
chlorambucil have been shown to be effective. 

Prognosis 

In children, prognosis is excellent, with 90% of cases responding to treatment. 
In adults, prognosis is not as good, with only 50% responding to treatment. 


Foot process effacement is not 
unique to minimal change disease. It 
can also be seen in other proteinuric 
diseases. 



KEY FACT 


Minimal change disease is 
the most common cause of 
childhood nephrotic syndrome. 

Responds well to steroids. 



figure 8-13. Histology of minimal change disease (lipoid nephrosis). Note I he fhaim 
(or granular) appearance of the cells of the proximal tubules due to re-absorption of lipoproteins 
leaking through diseased glomeruli. (Courtesy of Uniformed Services University of the Health 
Sciences.) 








KEY FACT 

1 _ 


FSCS is more severe in HIV-positive 
patients. 



KEY FACT 


Children with minimal change 
disease = Selective proteinuria. 
Children with focal segmental 
glomerulosclerosis = 
Nonseleetive proteinuria; higher 
incidence of hematuria and 
hypertension. 



KEY FACT 


Common cause of nephrotic 
syndrome in adults; nonseleetive 
proteinuria. 


Focal Segmental Glomerulosclerosis 

Focal segmental glomerulosclerosis (FSGS) is considered to be a more severe 
form of minimal change disease due to the similar loss of visceral epithelial 
foot processes. The pathologic lesion is sclerosis of < 5(1% of glomeruli of a 
tissue section (hence the name focal) with the sclerosis involving only distinct 
portions of the affected glomeruli (hence the name segmental), 'Flic cause is 
still unknown. This disease accounts for about 33% of nephrotic syndrome in 
adults and 30% of eases in African Americans. 

Presentation 

Patients present with nephrotic syndrome. Unlike in minimal change disease, 
patients will have nonseleetive proteinuria as well as hypertension, mild 
hematuria, and possibly decreased renal function. This disorder is associated 
with 11IV and heroin use. 

Diagnosis 

Definitive diagnosis is based on renal biopsy. 

Light microscope: Two distinct features are notable: focal (hyaline masses) 
and segmental sclerosis. Proper tissue sample biopsy is important because 
the prognosis of this disorder is worse Ilian that of minimal change disease, 
hi addition, proper diagnosis will determine the appropriate course of 
treatment. 

Treatment 

Unlike with minimal change disease, only 20%-40% of patients will undergo 
remission when treated with oral glucocorticoids, If there is no remission of 
proteinuria with steroids, cyclophosphamide and cyclosporine can he used at 
doses similar to those for minimal change disease. 

Prognosis 

Generally poor, with approximately 50% of patients with this disorder devel¬ 
oping end-stage renal disease (F.SRD) within 10 years. I’.ven following renal 
transplantation, there is a great risk of disease recurrence. 

Membranous Glomerulopathy 

The pathogenesis of membranous glomerulopathy is not clearly established. 
However, immuiiofluorcsccnt studies have led to a hypothesis of immune 
complex deposition, which is supported by its association with certain infec¬ 
tions and systemic diseases. It is the leading cause of nephrotic syndrome in 
adults, accounting for 30%-40% of cases and less than 5% of cases in chil¬ 
dren. Peak incidence is from ages 30-50 and it is seen predominantly in men 
(2: l ratio). 

Presentation 

Insidious onset of nephrotic syndrome in otherwise healthy patients. Mem¬ 
bra nous glomerulopathy occurs in association with systemic diseases such as 
systemic lupus erythematosus (SLK) and rheumatoid arthritis (RA), as well as 
infections, such as hepatitis B and C. syphilis, schistosomiasis, malaria, and 
leprosy. Previous use of gold or penicillamine is associated with this disorder. 








Diagnosis 

Based on renal biopsy, 

Light microscope: Diffuse CBM thickening due io subepitlielial deposits 
nestled against the CBM. 

Electron microscope: Subepitlielial deposits in a 44 spike* 1 (extensions of 
CBM around deposits) and "dome” (deposits in the CBM) pattern. The 
deposits have been shown to be IgG and C3 using imnumofluoresccnt 
staining. 

Treatment 

Use of oral glucocorticoids docs not result in any improvement in symptoms. 
Cyclophosphamide and cyclosporine reduce proteinuria and slow the decline 
of GFR, Transplantation has been shown to be effective for patients that prog¬ 
ress to RSKD, 

Prognosis 

Remission is spontaneous in 40% of patients with 30%-4Q% developing a 
chronic clinical picture with frequent relapses. The remaining 10%-20% will 
goon to develop ESRD in 10-15 years, 

JVtembranoproiiferative Glomerulonephritis 

The pathogenesis of membranoproliferalive glomerulonephritis (MPGN) is 
unknown. There arc two distinct types: 

Type 1 (two-thirds of cases): Suspected to he secondary-' to immune com¬ 
plex formation (type III hypersensitivity), which is supported by the asso¬ 
ciation with certain infections such as hepatitis R and C. Some cases may 
he associated with nephritic presentation. 

Type II (one-third of cases); Unknown pathogenesis; often associated w ith 
tiie C3 nephritic factor (C5NeF). It is also called dense deposit disease, 
due to a dense deposition of an unknown substance between the lamina 
densa and subendothelial space of the CBM. While C3 is present, there 
arc no IgG deposits. 

Presentation 

Patients with type 1 tend to present with nephrotic syndrome, while patients 
with type II can present with either nephrotic or nephritic syndrome, or a 
mix of the two. Type 1 is associated with hepatitis B and C, SUE, and sy stemic 
infections with large amounts of immune complex formation (i.c,, bacterial 
endocarditis and sepsis, among others). 

Diagnosis 

Diagnosis is based on clinical presentation and renal biopsy. The disorder is 
characterized on tissue section by thickening of the CBM and proliferation of 
mesangial cells. 

Electron microscopy: Generally the GBM appears to he divided by an 
electron-dense material. 

Type I shows subendothilial, electron-dense deposits of IgG and Cx 
Type II shows intramembranous deposits and increased size of glom¬ 
eruli, as well as increased celhilarity of the mesangial cells. The capil¬ 
lary wall often shows a double contour, nr train-track appearance, as a 
result of GBM splitting. 

Differentiation between types 1 and II is important due to differences in 
prognosis. 



f - 

FLASH BACK 

k_■_____ 


C3NeF is a C3-convertase-spedlic 
autoantibody, which prevents its 
degradation and causes incessant 
C3 activation. 



KEY FACT 


MPGN = Tram-track appearance 
on electron microscopy and 
subendothelial humps. 







KEY FACT 

1 _ 


Sustained C3 activation results in 
very low C3 levels, which is an 
important diagnostic feature. 


Treatment 

There is no effective therapy for this disease. 

Prognosis 

Differs between types i and II. 

Type I has a relatively benign course, with 70%-HWc of patients having no 
chronic decline in CFR. 

Type 11 tends to have a worse prognosis, with deteriorating CFR. A major¬ 
ity of patients progress to ESRD after 5-10 years. 


NEPHROPATHIES ASSOCIATED WITH SYSTEMIC DISORDERS 


Many systemic disorders ultimately affect the kidneys. Specific entities associ¬ 
ated with nephrotic syndrome include diabetic nephropathy, renal amyloido¬ 
sis, and lupus nephritis. 

Diabetic Nephropathy 

Diabetic nephropathy is the lending cause of ESRD in Western society, sec¬ 
ondary to glomerular hypertension and hyperfiltration. The first sign rtf injury 
to the glomerulus is microalbuminuria, which occurs about 5-10 years 
before other symptoms develop (see Figure 8*54}. If untreated, microalbumin¬ 
uria slowly progresses to nephrotic-range proteinuria. Nephropathy occurs in 
- 30 % of eases of DM-1 and ~ 20 % of eases of DM*2. 



KEY FACT 


Hyaline arteriolosclerosis is a 
hallmark of DM; efferent arterioles 
are affected before afferent 
arterioles. 


PRESENTATION 

Typically; CAW 4 ' aggravated by glomerulosclerosis will lead to fluid filtration 
abnormalities and a full spectrum of other disorders of kidney function. Car¬ 
dinal symptoms include hypertension and edema (as a result of fluid reten¬ 
tion), Other complications may include arteriosclerosis of the renal artery' 
and the efferent arterioles. If left untreated, nephrotic-range proteinuria will 
ultimately develop. 

During its early' course, diabetic nephropathy has virtually no symptoms. Late- 
stage diabetic nephropathy will manifest as full blown CRF. 

Diagnosis 

Usually diagnosed on clinical grounds without the need for a renal biopsy. 
Should be suspected in patients w ith either DM-1 or DM-2 who have already 
developed retinopathy and neuropathy and have dipstick-positive proteinuria. 
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figure a-34. Time course of development of diabetic nephropathy, 1 he relationship 
of time from onset of diabetes, the GFR, and the serum creatinine are shown. (Reproduced, 
with permission, from Kasper DLetal (cdsj. Ikirrisotn Principles of Internal Medicine, 16th eth 
New York: McGraw-E I ill, 2005: 2164, as modified from DePmfizo R V, Therapy for Diabetes 
Mellitm and Related Disorders. American Diabetes Assoc. Mcxandria YA, 1998,) 











Light microscopy: Thickening of the CBM and expansion of the mesan¬ 
gium. Classic Kiinmclsttel-Wilson lesions, areas of nodular glomerulo¬ 
sclerosis, may he found (see Figure 8-35). 

Treatment 

Treatment should he started for patients long before their symptoms have pro¬ 
gressed to overt nephrotic syndrome. 

Patients who develop microalbuminuria should he started on ACE inhibi¬ 
tors, which have been shown to delay the progression of nephropathy in 
diabetic patients. 

'i Good glucose control with diet, exercise, and hypoglycemic agents has 
also been shown to delay the development and progression of symptoms. 



KEY FACT 


Remember: Kimmeistiel-Wtlson 
"wire loop" lesions in diabetic 
nephropathy. 


Prognosis 

Progression to nephrotic-range proteinuria in these patients is an example of 
severe progression of disease. ESRD typically develops within 5-10 years fol¬ 
lowing these symptoms. 


Renal Amyloidosis 

Results from the deposition of fibrous, insoluble proteins in the extracellular 
space of organs, in this ease the glomerulus. Amyloidosis is a mniti.systemic 
disorder of protein folding, and can he acquired or hereditary-. The two types 
that affect tiic kidneys arc: 

Amyloid L (AL), or immunoglobulin light chain, is associated with mul¬ 
tiple myeloma. 

Amyloid A (AA), associated with chronic inflammatory conditions such as 

RA. 


Presentation 

Nephrotic-range proteinuria is the clinical correlate to renal involvement by 
amyloidosis. 


Nodular sclerosis 



FIGURE B - 3 s . Diabetic nephropathy, showing nodular glomerulosclerosis (Kimmelstieb 
Wilson disease), (Reproduced, with permission, from Cliniidnfeoma P, Taylor CR, Concise 
Pathology, 3rd ed. Originally published by Applelon & Lange, Copyright 1998 by The 
McGraw-Hill Companies, luc.J 








Diagnosis 

Definitive diagnosis is based on either renal, abdominal fat pad, or rectal 
biopsy. 

Light microscope: Tissue stained with Congo red lias deposits of amyloid 
that show apple-green birefringence under polarized light. In addition, 
there is mesangial expansion with amorphous hyaline material (amyloid) 
and thickening of the GBM. 

Treatment 

Some improvement lias been shown with a combination of mclphalan and 
prednisone. Treatment for AA amyloidosis is based on the underlying cause 
of the condition. Transplantation is an option for patients with both AA and 
AL amyloidosis, although extra renal organ involvement may prohibit this 
option. 

Prognosis 

Prognosis for renal involvement by AL is uniformly poor. 

Lupus Nephritis 

A part of the pathophysiologic spectrum of SLK, 

Presentation 

SLK patients may or may not have symptoms of kidney disease during its 
early course. I lowever, as the disease progresses, kidneys arc almost uniformly 
affected, and patients present with either nephrotic or nephritic syndrome, or 
both, ultimately leading to KSRD. Most common symptoms resulting from 
glomerular pathology include weight gain, high BP, and darker foamy urine, 
or swelling around the eyes, legs, ankles, or fingers. 

Diagnosis 

Suspect development of lupus nephritis once a patient is diagnosed with SLE. 
Gold standard to confirm renal involvement is renal biopsy. According the 
WHO there are five classes of renal involvement: 

Class I: No evidence of disease, normal histology. 

Class U: Mesangial involvement. 

Class HI: Local proliferative nephritis. 

Class IV: Diffuse proliferative nephritis. 

Class V: Membranous nephritis, characterized by extreme edema and pro¬ 
tein loss. 

Treatment 

Depends on the level of renal involvement: 

Class 1: General SLE treatment. 

Class II: Typically responds well to corticosteroids. 

Class III: Successfully responds to high doses of corticosteroids. 

Class IV: Mainly treated with corticosteroids and immunosuppressant 
drugs. 

Class V: Attend to I lie general symptoms. 

Prognosis 

Chiefly depends on age of onset, and the overall systemic involvement and 
response to therapy. Lupus nephritis (especially classes (1, IV, and V) will ulti¬ 
mately lead to KSRD. 
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NEPHRITIC SYNDROME 


Tlic pathology of this condition is the result of inflammation of the glomeru¬ 
lus. Nephritic syndrome is characterized by a complex of symptoms consist¬ 
ing of: 

Hematuria secondary to destruction of glomerular capillaries and loss of 
RBCs into Bowman s space, resulting in dysmorphic RBCs and RBC casts 
on urinalysis. 

Oliguria secondary to the glomerular injury as a result of infiltration 
of inflammatory cells and immune complex deposition. This leads to 
obstruction of the glomerular capillary lumen, thus decreasing the GFR, 
ensuing both oliguria (<400 niL/dav) and azotemia (increase of BUN and 
creatinine}. 

Hypertension secondary to the increased fluid retention by the kidney due 
to the decreased GFR. Mild proteinuria maybe observed as a result of the 
glomerular capillary injury. 

As with nephrotic syndrome, there are many different types of nephritic syn¬ 
drome, each with a specific cause and presentation, yet nil displaying the core 
nephritic symptoms mentioned above. The presumptive diagnosis is made 
through clinical suspicion, while the definitive diagnosis can only be made 
with renal biopsy. The cause of this condition is important, since as with 
nephrotic syndrome, it has implications for both treatment and prognosis. 

Important serologic markers to obtain when nephritic syndrome is suspected 
include C3 levels, anti-GBM titer, and antincutrophil cytoplasmic anti¬ 
body (ANCA) titer. The corresponding patterns of these laboratory findings 
may obviate the need for renal biopsy in sonic cases. 

Acute Proliferative Glomerulonephritis (Poststreptoccocal/tnfectious) 

This form of nephritic syndrome most frequently develops following an infec¬ 
tion with certain strains of group A P-hemolvtic streptococci (GABHS). 
Pathogenesis is secondary to immune-complex deposition in the glomerulus 
with resulting complement activation and inflammation. Patients are typically 
children between the ages of 2 and 6 years due to the effective immunity one 
develops after infection. 

Presentation 

Classic presentation is nephritic svndromc, usually 10 days after pharyngeal 
infection or 2-3 weeks after skin infection with group A ji-heinolytic strep¬ 
tococci, Patients tend to be children between the ages of 2 and 6, although 
adults occasionally develop this disease as well. 

Diagnosis 

Effective diagnosis can be made based on history and clinical findings reflect¬ 
ing common nephritic symptoms. 

Serum chemistry: Antistreptolysin-0 (ASO) titers, or other streptococcal 
antibodies (anti-DNAase B) arc elevated in > 90% of patients. C3 levels 
tend to be low; ANCA and anti-GBM antibodies are negative. 

Urinalysis: "Smoky brown" colored urine, RBCs and RBC casts, and in 
some instances proteins, 

Pathology: Renal biopsy if needed. 

Light microscopy (see Figure 8-36): Hypercellular and enlarged 
glomeruli. 



KEY FACT 


Hematuria, oliguria azotemia, 
and hypertension are the 

hallmarks of nephritic syndrome. 



KEY FACT 


Proper diagnosis of different 
types of nephritic syndrome 

requires detailed history, serum 
chemistry, urinalysis, and 
pathology. 



KEY FACT 


Older children and young adults can 
also be affected with this form of 
nephritic syndrome. 








FIGURE B-36, Light microscopy of acute proliferative glomerulonephritis. This low- 
power view shows lliree enlarged, hypcTedluLir glomeruli {hypercctlubriiy caused by prolifera¬ 
tion of mesangial cells, endothelial cells, ami global leiikocylic infiltration in alt lobules of the 
glomerulus). Several tubules contain red cells atul proteinaceous material* Mild interstitial 
edema is also evident {Courtesy of Uniformed Services University of the Health Sciences.) 


Electron microscopy; Characteristic subepithelial electron-dense 
deposits (humps). 

Immunofluorescence; IgG and C3 coarse granular deposits, with a 
Keep an eye out for periorbital and/ “hnimv-bunipv” appearance, 

or facial edema, 

1 Treatment 

Conservative therapy aimed at maintaining proper water and electrolyte bal¬ 
ance. Diuretics and other antihypertensive drugs arc used to control the 
hypertension and edema that may develop* Penicillin can be considered in 
order to avoid contamination of contacts with a nephntogenie strain of strep¬ 
tococci, yet it is rarely administered. 

Prognosis 

Excellent in children, with complete recovery when adequately treated. In 
adults complete recovery can also he achieved, although the risk of devel¬ 
oping RPGN is greater, as is progression to ESRD due to residual renal 
impairment 

Rapidly Progressive Glomerulonephritis (Crescentic RPGN) 

RPGN is not a disease, per sc, but rather is a malignant form of nephritic 
syndrome, in which progressive loss of kidney function occurs within weeks or 
months following tire primary 7 insult. The disorder is most common in adults 
aged 30—60 years, and is slightly more common in men. 

Presentation 

Classic nephritic syndrome; varies based on the underlying cause. There arc 

three distinctive types of RPGN: 

Type i: Associated with Goodpasture s syndrome* ANCA-negalive, with 
linear IgG and C3 deposits along I he CBM. 

Type II: Associated with posbtreptoccocal GN, SLR, IgA nephropathy, and 
Hcnoch-Schonlein purpura. ANCA-ncgativc, granular “lumpy-bumpy* 
deposits on immunofluorescence. 

Type III-pauci-immune type: Associated with Wegener's granulomatosis 
or idiopalluc. There are no deposits on the CJBM; however, it is ANCA- 
positive. 

Diagnosis 

Effective diagnosis can he made based on history and histologic findings. 


KEY FACT 
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Serum chemistry: 

BUN and creatinine may rise rapidly: 

Anti-GBM-anHbody-posilive (in association with Goodpasture's syndrome)- 
ANCA presence varies based on llic underlying cause. 

Complement levels may be decreased in some cases. 

Urinalysis: Blood (RBCsh protein* VVBC (monocytes), and casts. 
Pathology: Renal biopsy. 

Light microscopy confirms crescent formation. Crescents largely con¬ 
sist of proliferated glomerular parietal cells: Bowman's space is filled 
with monocytes and macrophages. Large amounts of fibrin accumulate 
with in the cellular layers of the crescents. 

Treatment 

Depends on the underlying cause. Refer to their underlying conditions. 


Anti-Glomerular Basement Membrane Disease (Goodpasture's Syndrome) 

Disease characterized by antibodies against proteins in the GBM. Symp¬ 
toms can be isolated to the kidney or may also be seen in the lung due to 
cross-reactivity of antigens («-3 chain of collagen type IV) that are common 
to both alveolar and GBMs, 'The underlying pathogenesis is based on a type II 
hypersensitivity reaction. This disease accounts for < \% of glomerulopathies. 

Goodpasture's syndrome: Both alveolar and glomerular symptoms occur. 
Idiopathic anH-GBM disease: Symptoms are isolated to the kidney. 

Presentation 

Hematuria and other nephritic symptoms, subnephrotie range proteinuria, 
and rapidly progressive renal failure (UPON) over the course of a few weeks 
is common. Pulmonary hemorrhage presenting with hemoptysis and dyspnea 
occurs in those patients with both glomerular and alveolar injury: 



KEY FACT 


Between 50% and 70% of cases 
present with both renal and 
pulmonary symptoms. 


Diagnosis 

Gold standard is renal biopsy with immunofluorescence. Chest X-ray will 
show bibasilar shadows in cases in whom pulmonary involvement has 
occurred. 


Serum chemistry: Anti-GBM antibodies are positive in > 90% of patients. 
ANCA levels are typically negative, but arc occasionally mildly elevated. 
C3 levels are normal. 

Urinalysis: RBCs, RBC casts, ami mild proteinuria. 

Pathology: Renal biopsy is the gold standard for proper diagnosis. 

Light microscopy: Cellular accumulation in the Bowmans space; cres¬ 
cent formation. 

Immunofluorescence (sec Figure 8-37): Linear, ribbon-like (as 
opposed to granular in the immune complex etiologies del ailed above) 
deposits of IgC along the GBM. 



KEY FACT 

i_ 


Hemoptysis and hematuria - 
Goodpasture's syndrome or 
Wegener's granulomatosis. 


Treatment 

Emergency plasmapheresis is performed daily until anfi-OBM titers become 
negative. 

Prednisone and cither cyclophosphamide or azathioprine are started 
simultaneously to suppress formation of new GBM antibodies. 

Patients arc monitored frequently for rising liters of anti-CRM antibodies, 
and receive plasmapheresis as needed. 
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FIGURE 8-37. Anti-glomerular basement membrane (IgG) in Goodpasture's syndrome. 

Note the cojilimtom, linear staining for JgC (anli-CIVM anti bodies) along the glomerular ciipil* 
hiry limps .i classic finding in CoodpusturcV (Courtesy of PE1K Digital Library [hltp:V/peir. 
ncil,) 



KEY FACT 


The association of this disease with 
a recent mucosal infection suggests 
an exaggerated IgA response. 


Prognosis 

Without treatment, patients tend to develop KSRD within 1 year. Willi immu¬ 
nosuppressive regimines, > 90 % of patients maintain tenai function after I 
year if aggressive therapy is started early, Although this disease is rare, the diag¬ 
nosis must he made early to ensure adequate treatment and good prognosis. 

IgA Nephropathy (Berger's Disease) 

IgA nephropathy is a condition that usually affects children and young adults. 
It is suspected to arise in individuals with an abnormality in IgA production 
and clearance (increased production of IgA in ~ 50% of individuals with 
this disease), leading to deposition of the antibodies in the mesangial matrix, 
which leads to glomerular injury and nephritic symptoms. It is the most com¬ 
mon glomerulopathy worldwide. 



KEY FACT 


Painless hematuria following 
infection, think Berger’s disease. 


IgA nephropathy can present as disease limited to the kidneys, or as a compo¬ 
nent of Hcnoch-Schonlein purpura (see Figure 8-38), 

Presentation 

Fpisodc of gross hematuria 24-48 hours after a nonspecific upper respirator) 
Imd infection or Cl infection. Hematuria typically lasts for several days and 
then spontaneously resolves, only If) recur every few months. Hypertension is 
unusual at presentation. 



FIGURE 8*38, Light microscopy of IgA nephropathy. fgA nephropathy can have var i.ible 
histologic findings. Hinging from normal to overt crescentic CN. Tire glomerulus m this high- 
power v iew (periodic aeid-Schiff | PAS] stain i shows mild changes consisting of segmental pro¬ 
liferation of mesangial cells and mesangial widening by matrix accentuated by the PAS slain 
Courtesy of Uniformed Services University of the Health Sciences.) 






Diagnosis 

Suspected in patients with new-onset hematuria within 1-2 days of either an 
upper respiratory or Cl infection* 

Serum chemistry: ANCA-atid anthGBM-negaHve, C5 levels arc normal 
Urinalysis: Painless spontaneous hematuria. 

Pathology: Renal biopsy. 

Light microscopy {see Figure 8-38): May range from normal to overt 

crescentic. 

Immunofluorescence (see Figure 8-39): IgA deposits with specific dis¬ 
tribution in mesangial cells* 

Treatment 

There is no proven therapy for this disorder. 

Prognosis 

Most patients have recurring episodes even few months or during mucosal 
infections* Between 20$ and 50% of patients suffer F-SRD after 20 years* 

Hereditary Nephritis (Alport's Syndrome) 

Alports syndrome is a hereditary form of glomerular injury that is typically 
X-1 inked, caused by an error in the synthesis of the a-5 chain of type IV col¬ 
lagen. This form of collagen is a major component of the GBM, and defects 
lead to renal dysfunction* Type IV collagen is also found in many other tis¬ 
sues, and therefore patients with this genetic defect tend to develop nerve 
deafness* lens dislocation, and early development of cataracts. 

Presentation 

Patients arc typically between 5 and 20 years old* Initially, Alport’s syndrome 
is asymptomatic* Later stages arc characterized by chronic glomerulonephritis 
and systematic glomerular destruction, leading to hematuria and affecting the 
GFR, ultimately leading to ESRD. 

Diagnosis 

Based on the following findings: 

Serum chemistry: ANCA- and anti-GBM-negative, C3 levels arc norma I. 
Urinalysis: Gross hematuria* mild proteinuria* 


£\ CLINICAL 

T* CORRELATION 


IgA nephropathy associated with 
extrarenal symptoms is referred to 

as Henoch-Schdnlein purpura* 



FLASH BACK 


Henoch-Schdnlein purpura's 

extrarenal symptoms include: 

■ Skin: Purpural lesions found 
on the extensor surfaces of the 
lower extremities and buttocks, 
and arms. 

■ Gi symptoms: Abdominal pain, 
intestinal bleeding, 

■ Musculoskeletal: Joint pain. 



KEY FACT 


Male patients exhibit full spectrum of 
this disease: Deafness, cataracts, 
and renal failure. 

Female patients are carriers; 
symptoms are limited to mild 
hematuria* 



FIGURE B - S9* Immunofluorescence of IgA nephropathy. ImnuumfluorcsceMt Main slum 
deposits oflgA primarily in mesangial regions* (Courtesy of (J in ton nod Services Universits of 
the Health Sciences,) 
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KEY FACT 


Confirmation of renal involvement 
is necessary to make a definitive 
diagnosis of Wegener's 
granulomatosis. 



FLASK BACK 

k _ _ _ 


Chronic sinusitis, hemoptysis, 
and hematuria—-think Wegener's 
granulomatosis. 



CLINICAL 

CORRELATION 


Respiratory Involvement presents 
as paranasal sinus pain, drainage of 
bloody nasal discharge, hemoptysis, 
dyspnea, or chest discomfort. 

Dermatologic, cardiac, and 
nervous system involvement can 

also be seen. 


Alkalinize the urine in clinical 
conditions that may trigger unc acid 
stone formation. 

Most commonly used agents are 

carbonic anhydrase inhibitors 
(acetaiolamide). 


Pathology: Renal biopsy. 

Light microscopy: Glomerular and mesangial proliferation. Foam 
cells may be present, which are interstitial cells with accumulation of 

lipids. 

KM: Splitting of the lamina densa (component of GBM), 

Treatment 

No specific therapy. Dialysis Ls used for patients lhal progress to ESRD. Renal 
transplantation is an option for those patients in renal failure, as allografts do 
not have similar genetic mutations. Because Alport's syndrome is X*1 inked, 
this disorder is more severe in males than in females, 

Wegener's Granulomatosis 

Wegeners granulomatosis is a systemic disease that presents as focal necrotiz¬ 
ing vasculitis and necrotizing granulomas in the lungs (involvement of both 
upper and lower respiratory tract)* in association with necrotizing glomerulo¬ 
nephritis, Renal injury occurs in up to 80"% of patients with this disorder. 

Presentation 

Patients typically present with non-specific symptoms, such as fever, arthral¬ 
gias, lethargy, and malaise. Renal involvement presents with nephritic symp¬ 
toms and an occasional mild proteinuria. 

Diagnosis 

ANCA-posilivc in 80% of patients with renal involvement. 

Biopsy is required, and demonstrates focal segmental necrotizing glom¬ 
erulonephritis with occasional crescent formation. Unlike in respiratory 
tract tissue biopsies, granulomas arc only rare!) seen. There is a lack of 
immunoglobulin or complement on immunofluorescence, anti-GUM is 
negative, and complement levels arc normal. 

Treatment 

Glucocorticoids and cyclophosphamide. Dialysis and renal transplantation 
are good options for those patients that progress to ESRD with little recur¬ 
rence of the disorder in the allograft. 


RENAL STONES (UROLITHIASIS) 


Stone formation can take place anywhere in the urinary collecting system 
(most commonly in the kidneys) and largely depends on sex, age, diet, cli¬ 
mate, and genetic makeup. Their size can vary from crystals to large stones. 
They are more common in men and tend to recur. There are several different 
types: 

Calcium oxakte/phosphate stones are the most common; followed by 
struvite* uric acid, and cystine stones (see Table 8-16), They occur when 
patients absorb more calcium in the gut than they excrete in the urine, or 
have a primary renal defect of calcium reabsorption. Fewer patients have 
hypercalcemia secondary to hyperparathyroidism, vitamin D intoxication, 
or sarcoidosis. 

Struvite (magnesium ammonium phosphate) stones occur in patients 
with persistently alkaline urine from UTls caused by urease-positive organ¬ 
isms, such as Proteus vulgaris or staphylococci. When the stone creates a 
cast of the renal pelvis and calyceal system, it is referred to as a staghorn 
kidney stone. 










ta 6 l E s -1 6. Common Types of Kidney Stones 

..ifraiim»oiHTrrt*j»ffTWfTirn 


Stone Type 

Frequency 

Causes 

Radiology 

Calcium oxalate 

and cafcium 

phosphate 

Most common 

Hypercalcemia: cancer, 
t PTH, t vitamin D, 
milk-alkali syndrome. 

Idiopathic* 

Radiopaque. 

Struvite 

(ammonium 

magnesium 

phosphate) 

Second most 

common 

UTI with urease-positive 
bacteria (R vulgaris or 
Staphylococcus). 

Radiopaque; stone 

creates a cast of 

the renal pelvis and 
calyceal system. 

Uric acid 

Less common 

Hyperurecemia: gout. 
High cell turnover: 
leukemia and 
myeloproliferative 

diseases. 

Radiolucent. 

Cystine 

Less common 

Cystinuna: genetic 

conditions deficient 

in cystine, ornithine, 
lysine, and arginine 

Radiolucenl 


miinm*i*rrrrt*t»« rr^JiiiimrfwirnifiTtttitMriTwuttrixrnHf imnr*nmm»n-**Hi i imwtn i|un*HWjjirttrv»i»im tt^uumiiveiirmi iittiaumit 


Uric acid stones are associated with gout or diseases that cause rapid cell 
turnover (leukemia, myeloproliferative diseases). They arc more likely to 
form in acidic urine. 

Cystine stones arc seen in patients with genetic defects in the metabolism 
of cystine, ornithine, lysine, or arginine. They are more likelv to form in 
acidic urine. 


Presentation 

Kidney stones classically present with severe flank pain that radiates to the 
groin and is colicky in nature. Hydronephrosis and infection proximal to the 
site of obstruction can occur as a result of prolonged impediment of the urine 
outflow. 

Diagnosis 

Abdominal X-rays (see Figure 8-40) arc of benefit in cases of calcium 
oxalate, calcium phosphate, and struvite stones (which are radiopaque), 
but of no value in uric acid and cystine stones, which arc radioluccnt and 
cannot be visualized on a radiograph. Thus, non-contrast CT is valuable 
in diagnosing such cases. 

Urinalysis will likely show hematuria. 



FLASH BACK 


Tumor lysis syndrome can result 
in formation of uric arid crystals and 
stones. Avoid ARF by alkaiinization 
of urine; allopurlno!, and proper 
hydration. 


Treatment 

Mainly depends on I lie size 1 of stones. Increased fluid intake and appropriate 
pain management while wailing for Ihe stone to pass is sufficient for stones 
< 9 mm. Larger stones, however, require either a nonin vsisivc approach, 
such as extracorporeal shockwave lithotripsy (ESWL) or surgical treatment 
(nephrolithotomy). 































FIGURE B-40, Calculi (kidney stones). Note throe separate deposits of calcified density 
confined to the right renal shadow. The largest one measures 2 cm in greatest diameter. (Re¬ 
produced. with permission, from Chen MVM, Rope TL )r„ Otl DJ, Bask Radiology, New York: 
McGraw-Hill. 2004: 204.) 


URINARY TRACT INFECTIONS 


UTIs arc infections, usually bacterial, of the lower urinary tract. They are 
extremely common in several different populations and settings: 

Outpatient: Especially common among young sexually active females, 
and arc thought to be due to the short female urethra and the small dis¬ 
tance between the urethra and the anus. 

Inpatient: Very common, especially with Foley catheter use. Likely to be 
asymptomatic. Have a high suspicion for UT1 in any febrile inpatient. 
Pregnancy: Asymptomatic bacteriuria is common in pregnant women. 
There is a higher risk for UTIs to develop into pyelonephritis in pregnant 
women. UTIs also raise the risk for preterm labor and low birth weight. 
Bacteriuria in a pregnant woman should always be treated, whether or not 
it is symptomatic. 

Children: Children with recurrent UTIs should be evaluated for vesi¬ 
coureteral reflux (VUR). 

Presentation 

Dysuria, frequency, urgency, suprapubic pain, and hematuria. 

In an uncomplicated UTI, there should NOT be fever, nausea, vomiting, 
or costovertebral angle (CVA) tenderness. 

Diagnosis 

Can be made by history alone. 

Clean-catch UA will usually show pyuria (PMNs in the urine), bacteriuria, 
leukocyte esterase, and nitrites. 

Urine culture will identify I he* specific pathogen but is only indicated for 
inpatients, for patients who have failed antibiotic therapy, or for other com¬ 
plicated eases of UTI. 





Treatment 

Antibiotic therapy appropriate for the causative micro-organisms. 


Acute Pyelonephritis 

Pyelonephritis is an infection, usually back-rial, of the upper urinary tract 
including the kidneys. It typically results from an ascending infection from 
the lower urinary tract, It afreets the same populations as uncomplicated UTIs 
but in much smaller numbers overall. 


Presentation 

Fever, nauscaAomiting, flank pain and CVA tenderness. Can occur in the 
presence or absence of typical symptoms of lower UTI (dysuria, frequency, 
urgency). 

Diagnosis 

Based on history and physical exam, especially vital signs and CVA 
tenderness. 



CLINICAL 


CORRELATION 


White cell casts in the urine 
are pathognomonic for acute 
pyelonephritis. 


UA and urine culture with antimicrobial sensitivities should be per¬ 
formed in all patients with suspected acute pyelonephritis because of 
the risk of negative sequelae if treatment is inappropriate. Urinalysis will 
demonstrate pyuria. White cell casts, if present, are diagnostic of acute 
pyelonephritis. 

Microbiology: The pathogens responsible for pyelonephritis are the same 
as those responsible for uncomplicated UTIs. 


Treatment 

Antibiotic therapy appropriate for the causative micro-organisms. 


Chronic Pyelonephritis 

Recurrent or persistent infections of the kidneys ultimately lead to irreversible 
pathologic changes in the corticoinedullary region of the kidneys. 

Underlying factors leading to this condition are almost exclusively struc¬ 
tural abnormalities such as obstructions of the urinary tract (i.e., from 
stones or BPH) or in children with vesicoureteral reflux (VUR). 

Presentation 

May have asymptomatic pyuria. 

May complain oflow-grade fevers, flank pain, and nausea/vomiting. 

May have evidence of renal insufficiency such as hypertension, proteinu¬ 
ria. or failure to thrive in children. 


Diagnosis 

Based on the following findings: 

Renal ultrasound to evaluate for renal damage. A CT scan may offer addi¬ 
tional information for diagnosing the underlying pathology. 

Voiding cystourethrogram can help diagnose VUR in children. 

Laboratory data may show pyuria, proteinuria, and azotemia. 

Pathologic specimens: 

Chronic infiammation and asymmetric corticoinedullary scarring. 
Deformities in renal pelvis and calyces. 

Thvroidization of kidnev. 
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Treatment 

Depends on the underlying cause; antibiotics and surgical repair. 



CLINICAL 

CORRELATION 


Associated with diffuse cortical 
necrosis: 

• Abruptio placentae 
» Eclampsia 

• Septic shock 

• Hemolytic uremic syndrome (in 
children) 


DIFFUSE CORTICAL NECR0SI5 


Diffuse cortical necrosis (DON) develops as a result ot difFu.se or patehv 
infarction of the cortices (cortical necrosis) of the kidney secondary to isch¬ 
emia. Often multi-factorial, and can progress to ARF, especially in the third 
trimester of pregnancy. 

Presentation 

Signs and symptoms of the systemic process (sepsis, DIO. obstetric complica¬ 
tions) resulting in cortical necrosis; polyuria and evidence of ARF 

Diagnosis 

Based on the following findings: 

Serum chemistry: Azotemia, DIC (low platelets, increased fibrin split 
products). 

Urinalysis: Proteinuria, hematuria, red cell casts, granular casts. 

Pathology: Cortical necrosis, microti irombi of small vessels. 


Treatment 

Treat underlying condition. 

P«OGNOSf5 

Reversible it treatment of underlying process is initiated early. 


CLINICAL 

CORRELATION 


Associated with renal papillary 
necrosis: 

■ DM 

m Acute pyelonephritis 
* Chronic phenacetin use 


RENAL PAPILLARY NECROSIS 


Renal papillary necrosis results from an ischemic insult to the renal papillae* 

Presentation 

Polyuria, rust-colored urine, ARK Flank pain. 

Diagnosis 

UA: Sediment, casts, blood, and necrotic renal papillae* Plain radiographs 
may show a ring of calcification (nephxocalcinosis), especially in disease 
resulting from analgesic use* 


Treatment 

Treat underlying disease. 


RENAL FAILURE 


Many conditions can lead to cither ARF or CRF (CKO), Typical pathophysi¬ 
ologic mechanisms and pathologies are addressed in this section. 

Acute Renal Failure 

Abrupt-onset decrease in renal function as measured by C.FR, not necessar¬ 
ily urine output. Leads to reduced ability to maintain serum electrolytes and 
excrete nitrogenous waste. ARF is classified as shown in Figure 8-4L 












CHAPTER 8 


How does the 
patient present 


Where's 
the problem? 


Pre-renaf 
Problem: 
The BODY 


Renal failure 


Azotemia 

ollgmia/anurla 


Renal 
Problem: 
The BEAN 


Azotemia = t BUN & creatinine due 
to i GFR 

Anemia -> practically all 
patients present with anemia 



Post-renal 
Problem: 
The BLADDER 


What's 
the cause? 


Labs 


Cause: Hypovolemia 

* Sepsis 
■ Shock 

• Heart failure 


Nephritic 

Syndrome 

* Azotemia 

* Hematuria 

* Rod cell casts 

* Hypertension 


* Membranoproliterative glomerulonephritis 

* PosHntedion GN tposhsirep) 

■ Rapidly progressive GN (crescentic) 

• tgA nephropathy (Berger's disease) 

• Alport s syndrome 


BUN > 20 

Urine is concentrated 
Urine [Na + ] low (< 10 mEq/L) 
1 Fractional excretion of Na + 


NcphrOtiC 

Syndrome 

* MASSIVE proteinuria 

• SEVERE edema 

• Hyperlipidemia 

* Hypercholesterolemia 


Cause: Obstruction 

* Old dude with BPH 

* Cancer 

* Stones 


■ Minimal change disease 
*Membranous glomerulonephritis 
» Focal segmental glome ruloscferosis 
»Diabetic nephropathy 


BUN < 20 
Urine is dilute 

Urine [Na*] high {> 20 mEq/L) 
T Fractional excretion of Na' 

ico 2 

Cells/casls -►TubularInjury 


Ultrasound 
May present as 
poiyuria (with high 
urine [Na + ] and 
unconcentrated 
urine) 


figure e- 4i ♦ Pathophysiology of renal failure. 


Treatment 

Maintain fluid and electrolyte balance and avoid nephrotoxic medications. 
Treat obstruction as indicated. 

Dialysis is indicated for severe uremia, hyperkalemia unresponsive to med¬ 
ication, metabolic acidosis, refractory fluid overload (usually presents as 
pulmonary edema), pericarditis, etc. 

Acute Tubular Necrosis 

A disease state of the kidney clinically manifested as ARF, and pathologically 
by destruction of tubular epithelial cells. Acute tubular necrosis (AI N) is an 
intrinsic renal disease and is the most common cause of ARK It can be either 
ischemic or nephrotoxic in origin (see Table 8-17), 


CLINICAL 

CORRELATION 


Associated with ATM: 

■ Muddy brown casts 

■ Rhabdomyolysis 
* Crush injury 


table B-i7. Common Causes of ATN 

nimiiaimnniixir 

Type 


Etiology 


JimrrrffrtuJittt 


Nephrotoxic Drugs: NSAIDs, radiocontrast, cyclophosphamide, aminoglycosides, and 

diuretics. 

Disease: rhabdomyolysis, hemolysis, gout, pseudogout, and multiple 
myetama. 


Ischemic 


Decreased blood flow to the kidney. 
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FIGURE 8-41. Kidney with ATN (loss of nuclei), dilation of tubules, interstitial edema, 
sloughing of epithelium, and glomerular congestion. (Courtesy of I Imformecl Services Uni¬ 
versity of (he I ioalth Sciences.) 


Presentation 

Often asymptomatic; may have oliguria and azotemia. If left untreated, signs 
and symptoms of uremia and fluid overload develop. 

Diagnosis 

Azotemia; urinalysis; FeNa > 1% and muddy brown casts on microscopy (sec 
Figure 8-42). 

Treatment 

Address the underlying disease and remove (lie offending agent (medication, 
contrast, etc.). When rhabdomyolvsis or crush injury is the insulting factor, 
large volumes of IV fluid are required lo maintain adequate perfusion. Look 
for and treat electrolyte abnormalities. 

Chronic Renal Failure 

Also called CKD, characterized by a substantial decrease in renal function, usu¬ 
ally less than 20% of normal GFR, occurring over a long period of time (usually 
> fi months), CKD can be asymptomatic for many years, with increasing ure¬ 
mia and associated symptoms as GFR drops below 60 mL/min. Causes ofGRK, 
all of which are chronic long-term disease processes, arc shown in table S-18, 


table 8-1 e. Causes of CRF 


in m uiiiiiiiHUHlimiimiiiiMnil 1 |I Hit) UMrnniinflKtCwititiU liiauuifTill*» 11'HJjmHM 

Cause 

Pre renal 

Renal artery stenosis 

Embolism (both kidneys) 

Parenchyma! 

» PM 

n SLE 

Hypertension 

Amyloidosis 

Chronic glomerulonephritis 

Chronic tubulointerstitial nephritis 
Adult polycystic kidney disease 

Renal cancer 

Postrenal 

hi ill iHtiiiieiaiiijiitntBHilt 

Chronic urinary tract obstruction 

inmaifiti itii i Iiuiiii iiitliatXlirfiiiiiiaitntmtwrmiiH lUi/Hifnii 
















Treatment 

Dietary management of protein and electrolytes. 

Dialysis (indicated when GFR < 20 mL/min). 

Renal transplantation (cadaveric or living donor) when GFR < 20 mL/ 
min. 

Renal Failure: Key Definitions 

Glomerular filtration rate (CFR): The volume of filtrate that crosses the 
glomerular capillary membrane into Bowman’s capsule per unit time. 
Normal is 115-125 mL/min. 

Azotemia: Elevated BUN and scrum creatinine levels; may have causes 
other than renal dysfunction. 

Uremia: Syndrome of biochemical derangement characterized by 
azotemia, acidosis, hyperkalemia, poor control of fluid volume, hypocalce¬ 
mia, anemia, and hypertension. 

Oliguria: Urine output < 500 mL/2*t hours. 

Anuria: Urine output < 100 mL/24 hours. 

Polyuria: Urine output > 5 L/24 hours. 

Consequences of Renal Failure 

Renal failure results in multiple systemic consequences (see Table 8-10). The 
primary effects of ARE are electrolyte imbalances and disruption of the kid- 


TABLE 8-19. Consequences of Renal Failure 


Uremtc syndrome 

nwWWttMMintii^iitiimmi wwuiti imimmrtiim i mm nun Hinmi immnw— i iimnnwii i iiimti 7 i**mjt»KHWw«iimiiTfn nummy. tuti i iwrw* mumir)uwBv.’in 

Occurs as BUN rises; lethargy, seizures, myoclonus, aster ms, pericardial friction rub, 

Urea typically travels from the liver to the kidney where it is excreted* The failing kidney cannot excrete urea 
and therefore the gut enzyme urease converts the extra urea into ammonia, causing hyperammonemia. 
Urinalysis: Isosthenuria (specific gravity of urine becomes fixed around 1.010, regardless of the fluid 
intake), proteinuria, abnormal sediment with tubular casts. 

Hyperkalemia 

When GFR significantly decreases the kidney cannot excrete dietary K* 

Hyperkalemia -+ look for peaked T waves on ECG which can lead to ventricular fibrillation. 

Metabolic acidosis 

GFR < 50% impairs renal production of HC0 3 so H+ cannot be excreted. This causes an AG acidosis* 

Sodium and water 

retention 

Early CRF causes decreased urine concentration which causes easy dehydration and Na wasting. 

Late CRF causes volume overload as the kidney is no longer able to excrete Na* This can lead to CHF and 

pulmonary edema. 

Renal 

osteodystrophy 

Vitamin D is converted by !-« hydroxylase in the liver to the active form 1,25-{QH) 2 vitamin D which increases 
absorption of dietary and bone Ca 2+ and P0 4 * 

CRF causes loss of 1-ot hydroxylase activity in the kidney, thereby causing decreased vitamin 0 activation and 
increased bone turnover. 

Anemia 

Failure of EPO production causes decreased hematocrit. 

Hypertension 

Benign hypertension causes hyaline arte rial os derosis* Malignant hypertension and malignant nephrosclerosis 
occurs when there is fibrinoid necrosis of the arterioles, small arteries, and intravascular thrombosis. 
Long-standing damage and scaring of the kidney from reflux nephropathy will cause hypertension as one of 
the first indications of renal disease. 

Seen as a result of adult polycystic kidney disease (APKD), 

Fan cam's syndrome 

Causes damage to proximal tubular reabsorption of glucose, amino adds, phosphate, and bicarbonate. 

lnmrnnmiMMiitiimiupinmtiii1 ■ nn ■■ ■ mmi 11 m> imuiiif;nr-tTt i1 n in»MminimniHiilimiiiiiinitiiliiiinitnmiiltimirt <11rjuiMlinti ip n itt -uiiifti 













































FLASH BACK 


Expired tetracyclines can cause 
Fanconi's syndrome. 


neys* control of excretion. ARF typically manifests itself as uremic syndrome, 
hyperkalemia, and metabolic acidosis. CRF has more gradual effects on mul¬ 
tiple systems, and the deregulation of sodium and water can lead to CHF and 
pulmonary edema. 


TUMORS Of THE RENAL SYSTEM 


As with the other neoplasms, tumors of the renal system can be malignant or 
benign, as well as being primary and secondary (metastatic). In this section, 
we arc addressing the most common malignancies of the kidneys. 


Renal Cell Carcinoma 

Renal cell carcinoma is the most common primary tumor of the kidney in 
the adult population, accounting for - 80% of kidney tumors (affecting men 
more than women, at an average age of 60-70 years). It arises from the tubu¬ 
lar epithelium. An increased risk has been noted in smokers, with cadmium 
exposure, and with acquired cystic disease from chronic dialysis. Three com¬ 
mon forms exist. 


CLINICAL 

CORRELATION 


Renal cell carcinoma can be 

associated with von Hippel- 

Lindau disease. 


Clear cell carcinomas (= 80%) have clear or granular cytoplasm (sec fig¬ 
ure 843). Both familial and sporadic forms arc commonly associated with 
an underlying genetic defect in the VHL gene (a tumor suppressor gene 
on chromosome 3). 

Papillary renal cell carcinomas (- 15%) have a papillary growth pattern 
and affect the proximal tubules. Familial and sporadic forms exist with 
the underlying genetic defect being in the MET gene (a proto-oncogene 
on chromosome 7). Familial forms frequently exhibit trisomy of chromo¬ 
some 7. 

Chromophobe renal carcinomas {< 5%) affect the cortical collect¬ 
ing ducts, stain darkly, and arc characterized by loss of an entire 
chromosome. 



figure B -4 3 . Clear cell carcinoma. Histologically, Ihe dear cell variant is the urns) 
common type, Tim tumor has an alveolar architecture created by a prominent network ol thin- 
walled vascular sephie demarcating collections ol tumor cells. Tumor cells have abundant clear 
cytoplasm. The nuclei are round and fairly uniform in appearance in lou-guidc tumors ( as seen 
here)* or maybe highly pleomorphic and vesicular with prominent nucleoli in high-grade tu¬ 
mors. (Courtesy of PKIR Digital Library lhttp://peir.net[.) 












Presentation 

A flank mass may be palpable, but the classic triad of clinical symptoms 
includes: 

Painless hematuria (microscopic or macroscopic)* 
it Fever, 

** b lank pain* 

The cancer may spread hematogenous!) via the 1VC to the hones or lungs 
causing bone pain or a lung mass* 



Paraneoplastic symptoms: 
m Hypercalcemia due to PTH* 
related protein. 

■ Polycythemia from excess EPO 
production. 


Diagnosis 

Ultrasound examination of I lie kidneys will show the presence of a mass, 
while CT offers additional information. Chest X-ray is important to look tor 
metastatic disease. 


Treatment 

Standard treatment involves radical nephrectomy with removal of local 
lymph nodes. 

Partial ncphrcctomyAiephroiKvparing surgen is commonly performed in 
cases ofVI lb* 

Additional treatments have included interleukin-2 in metastatic disease. 


Prognosis 

The overall prognosis of renal cell carcinoma is poor, with the worst prognosis 
in metastatic disease and the best prognosis with the cliromphobc subtype. 


Transitional Celt Carcinomas 

Transitional cell carcinomas are twice as common as renal cell carcinomas 
and affect men more than women* frequently between the ages of 50 and 7(1 
years. They arise in the urinan tract outside of the kidney, predominant!) in 
the bladder, originating from transitional epithelium. 

Bladder tumors are more common in people with exposures In 
(buaphthylamine, cigarette smoking, cyclophosphamide, and schistose* 
miasis. 




MNEMONIC 


Associated with problems in 
your Pee SAC 

Phenacetin 
Smoking 
Aniline dyes 
Cyclophosphamide 


Presentation 

Painless hematuria with the risk factors men lionet! and in the appropriate age 
range. Other presentations depend on the location of the tumor. If a ureter 
is involved or outflow of the ureters is blocked, there mac be an obstructive 
presentation wilh flank pain, suprapubic fullness and pain, increased urinary 
frequency, and hydronephrosis. 


Diagnosis 

Cystoscopy will reveal the lesion within the bladder while urine etiology 
shows malignant cells. Pelvic CT may help with level of invasion. 

Treatment 

Superficial tumors mat he treated with transurethral resection ant I/or injec¬ 
tion of chemotherapeutic agents, such as baeillc Galmcttc-Ciicrin (HOC), 
into the bladder. More invasive tumors may require cystectomy with radiation 
and/or chemotherapy. 





KEY FACT 


Prognosis 

Tend to recur following treatment. 



) 

t 


Wilms' tumor is associated with loss 
of WTl on chromosome 11. 


CLINICAL 

CORRELATION 


Wilms' Tumor (Nephroblastoma) 

Wilms' tumor is tlie most common primary tumor of the kidney in early 
childhood (between 2 and 5 years), and is due to loss of WTl (a tumor sup¬ 
pressor gene on chromosome 11). Nephrogenic rests, or precursor lesions, 
arc associated with bilateral Wilms’ tumors. 


Associated syndromes include: 

■ WAGR complex: Wilms' 
tumor, Aniridia, Genitourinary 
malformation, and mental-motor 
Retardation. 

■ Denys-Drash syndrome: 

Gondal dysgenesis and renal 
abnormalities. 

* Beckwith-Wiedemann 
syndrome: Organomegaly or 
hemihypertrophy. 


Presentation 

Large, palpable abdominal mass llial may extend into the pelvis. 1 Icmihypcr- 
trophv may be present. Tumors this size can also cause intestinal obstruction, 
Other presenting symptoms include abdominal pain, fever, and hematuria. 

Diagnosis 

Abdominal ultrasound will show an intrarenal mass and any Invasion into 
the JVC. CT scan (chest, abdomen, and pelvis) can evaluate for metastatic 
disease. 

Grossly, these tumors are tan-gray with areas of hemorrhage and 
necrosis. 

Histologically, there is a variable mix of blastema), stromal, and epithelial 
cell types. 


Treatment 

Nephrectomy with chemotherapy (vincristine, actinomycin D, and doxoru¬ 
bicin if lung metaslases are found). Abdominal radiation may also be used in 
selected patients. 

Prognosis 

The above-mentioned therapy offers excellent 5-year survival rates. 


ELECTROLYTE ABNORMALITIES 


Electrolyte abnormalities can be diagnosed with standard chemistry panel 
laboratory results and arc frequently the manifestation of some underlying 
pathology. I lie common electrolyte abnormalities are given below along with 
their definitions, presentations, causes, and treatments. 


CLINICAL 

CORRELATION 


Neurologic symptoms: irritability, 
delirium, coma, and doughy skin. 


Hypernatremia 

Semin sodium level >145 mKq/L. 

Presentation 

Excessive tliirst t doughy skin, and mental status changes (confusion, seizures, 
and muscle twitching). 

Causes 

Most commonly, hypernatremia is due to a loss of free water versus gain of 
sodium without adequate rehydraiion (due to impairment of the thirst mecha¬ 
nism or lack of access to water). 

Specific causes include iatrogenic from hypertonic saline, medications 
(diuretics, lithium, or sodium-containing drugs), hyperglycemia in the set¬ 
ting of diabetic ketoacidosis, and central or nephrogenic DL 







Treatment 

Treatment includes correction of llie underlying cause and IV hydration with 
normal saline or lactalcd Ringer’s solution. Tire amount of IV fluid to give is 
determined by the following formula: 

Free water deficit = Total body water x [(Plasma Na/HQ) - 1 ] 

Prognosis 

Patients who becomes acutely hvpematremic have a worse prognosis than 
those in a chronic hypernatrcmic state, though both have a high associated 
mortality. 


Hyponatremia 

Serum sodium level < 136 mliq/L, 


Presentation 

The symptoms are largely manifested neurological!}': Headaches, nausea, 
muscle cramps, depressed reflexes, and disorientation. 


Causes 

To identify the cause of hyponatremia, it is essential to identity serum osmo¬ 
lality'. Table 8-20 ofFers an approach to identifying the cause of hyponatremia. 
Patients with low serum sodium and low serum osmolality are most frequently 
encountered (and most frequently tested). 

Treatment 

Treatment of hyponatremia depends on the underlying cause, but if the 
patient is symptomatic the administration of IV hypertonic saline (3% saline) 
may be indicated. Care must be taken to slowly correct the sodium level 
because of the risk that central pontine myelinolysis (CP\1) may develop, 


table a-20* Common Causes of Hyponatremia 

niiinTuiminmwiiwiiiMiii—iilliiUlM«ninimn«!MMiiMimnii»p»n>imMiuii tifouaji i imiriatKii] usuinin i m nti timiiitiiun* 


1. Serum sodium < 136 mEq/L 


2. Determine serum osmolality 

High (> 285 mOsm) 

Low (< 280 mOsm) 

Normal (280-285 mOsm) 

Hyperglycemia, 


Hyperlipidemia 

Hyperproteinemia 

3. Clinically determine the patient's volume status 

Hypovolemic 

Euvolemk 

Hypervolemic 

Dry mucous membranes, 
poor skin turgor, rapid 
heart rate- 

Mo signs of hyper- or 
hypovolemia. 

Edema 

Gt losses, skin losses. 

5IADH, water intoxication. 

Liver failure, heart failure 


itll ^ji itn tirrtLtrO rirrrrillttri riir^stl ll'ii^rriTiiJii iirrnT.vuU lil lllin II*■ ii linn iiiul/iMi l i l■ h .'/tiu iiii u.irt:; h lirrm in mii< ... hj tif iii iirfiiii ‘ uiii ii 



CLINICAL 

CORRELATION 


CPM is a neurologic disorder 

that develops as a result of severe 
damage to the myelin sheath of 
nerve cells in the pons. 

Symptoms include: Sudden 
para- or qua drip a res is, dysphagia, 
dysarthria, double vision, and loss of 
consciousness. 




































Hyperkalemia 

Scrum potassium > 5.1) mEq/L 

Presentation 

Clinically, ihc patient may experience palpitations or muscle weakness. Potas¬ 
sium causes the heart to be more excitable (possibly leading to ventricular 
fibrillation) ami the effects on the heart should be investigated with an ECO 
(see Figure S--H): 

Lab error due to hemolysis of Peaked T waves 

red cells in the preparation of the Widening of the ORS complex 

specimen may provide talse-posilive Flattening of the P wave 

results for hyperkalemia. 

_ Causes 

Most common underlying pathology includes renal failure or trauma due to 
extensive crush injury with release of potassium from muscle cells. 

Treatment 

Treatment focuses on removing potassium from the body and stabilizing the 
myocardium (monitor the scrum potassium levels and ECO findings during 
treatment). The systematic approach to hyperkalemia includes: 

Calcium gluconate is given first to stabilize the myocardium. 

Insulin with concurrent glucose infusion. 

(J-Agonisls (drive potassium into cells). 

Sodium polystyrene sulfonate (causes excretion of potassium from the Cl 
tract). 

Dialysis. 

Hypokalemia 

Serum potassium <3.6 iiiEq/l 


KEY FACT 



figure 8-44. Electrocardiographic manifestations of hyperkalemia (upper strip) and 
hypercalcemia (lower strip). 




















































































Presentation 

Patients will present with general, non-specific symptoms of fatigue, muscle 
weakness, intestinal ileus, and/or hyporeflexia. 

Classic RCG fmdings (see f igure 8-45) include: 

flattened T waves. 

Presence of U waves, 

S r l -segnlet i \ depression. 

Causes 

Insulin, alkalosis, diuretics (loop or thiazide), vomiting (think eating disor¬ 
ders), increased aldosterone levels, hypomagnesemia. 

Treatment 

Treat the underlying cause. Low-serum potassium is treated with administra¬ 
tion oflV or PO potassium. During treatment, monitor the KCG and plasma 
levels. 


Hypercalcemia 

Serum calcium level > 10,2 mg/dL. 


Presentation 

Many patients will be asymptomatic. Levels over 12.0 mg/dL may produce 
EGG changes (prolonged QT interval; see Figure 8-46), and more dramatic 
symptoms, such as renal stones (nephrolithiasis), abdominal moans (nausea, 
vomiting, const! pa I ion), psychiatric overtones (delirium, psychosis), and pain¬ 
ful bones (osteitis fibrosa cystica). 


CLINICAL 
CORRfcLAJ ION 


Renat stones, abdominal moans, 
painful bones, and psychiatric 
overtones are classic tin dings for 
hypercalcemia. 


Causes 

The most common cause in the inpatient setting is malignancy (metastascs 
to bone or exogenous production of PTH-related protein), while the most 
common cause in the outpatient is primary hyperparathyroidism (adenoma 
> hyperplasia > carcinoma). Other common causes include hyperthyroidism, 
thiazide diuretic use, granulomatous disease (sarcoidosis), renal failure, and 
milk-alkali syndrome. 


3.9 mEq/L 


2 7 mEq/L. 


1.3 mEq/L 



FIGURE 8 - 45 , Electrocardiographic effects of hypokalemia, Note progressive flattening of the T wave. an hiercavingk prominent 
\ I wave, increased ampliludc of the P wave, prolongation of the PR interval, ami S't-segment depression i Modified, w ith permission, 
from Morgan CK, Mikhail MS, Murray MJ. h (Jthiiait Anesthesiology 1 4tli ed. New York: MeC iraw-l 3 ill, 20Q6. ) 



































































Hypocalcemia 


Normal 


Hypercalcemia 



QT 0.48$ 
QT C 0.52 



figure a * 4 6. Electrocardiographic effects of hypocalcemia and hypercalcemia. Prolon¬ 
gation of the QT mlcnal (ST-scginent portion' is typical of hypocalcemia. Hypercalcemia may 
cause abbreviation of the ST segment and shortening of the QT interval. (Modified, with per- 
mission, from Kasper DL, BraunwaId E, I ami AS. et ah. eds, Principles of Intemdl 

Mcdidnc, I fill i ed. New York: McCrawd bib 2005: 1 >19.) 


Treatment 

I Veal the underlying cause, If patients are symptomatic, hydrate with IV nor¬ 
mal saline and give furosemide with consideration given to the addition of 
bisphosphonates. 

Hypocalcemia 

Scrum calcium level <8.5 mg/dL 

PRESENTATION 

Krcqueutlv asymptomatic. More severe symptoms occur at very low serum lev¬ 
els: muscle cramps, depression, tetany, and convulsions. QT segment prolon¬ 
gation is seen on ECO (see Figure 8-59). 

Chvostek’s sign: Tapping the facial nerve results in twitching of facial 
muscles, 

TVousscau’s sign: Carpopedal spasm resulting from inflation of a BP cuff 
on the forearm. 

Causes 

In newborns and infants, consider DiGeorge’s syndrome. Hypoparathyroid¬ 
ism (secondary to treatment of hyperparathyroidism), pseudohypoparathyroid¬ 
ism, vitamin D deficiency, osteomalacia, rickets, and diuretics (furosemide)- 

Treatment 

If the patient is symptomatic, calcium can be replaced v ia IV calcium glu¬ 
conate while monitoring EGG. I-ess severe eases can be treated with PO cal¬ 
cium and vitamin D. 

Hypomagnesemia 

Serum magnesium level < 1.5 mKq/L 

Presentation 

Anorexia, nausea, vomiting, lethargy, and personality changes. Also look for 
hypocalcemia and hypokalemia in the setting of low magnesium levels. 11 is 























































































































often difficult to correct these electrolyte abnormalities when the others are 

present. 

Causes 

Dietary deficiency complicated by poor absorption. 

Treatment 

Low magnesium is treated with magnesium replacement, usually magnesium 
sulfate. 



Diuretics (see Figure 8-47) are drugs that act to increase urine volume by 
altering ion transport in the nephron. A generally safe class, diuretics are first- 
line drugs in the treatment of hypertension and edematous states such as 
congestive heart failure (CHF), nephrosis, and cirrhosis. 
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figure b - 47. Overview of diuretic sites of action. (Modified* with permission, from Katenug tiC, Hum* and Clinical Thammcolofty* 
7tli cd. Stamford, CT: Appleton nnd Lmgc, 1997: 2'tA) 
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Common side effects of diuretics (see Table 8-2]) are: 

Volume depletion. 

1 Ivpokalcmia (loop diuretics and thiazides). 

! (ypoiuitremia (thiazides). 

I lypcrglyccmia (thiazides). 

Metabolic alkalosis (acetazolamulc). 

Specific side effects arc discussed with each drug class below. 

There are five main classes of diuretics: 

Osmotic agents: Mannitol and urea. 

Carbonic anhydrase inhibitors: Acclazolatnide. 

Loop agents: urosemidc, buutctanidc* and clhsicrynic acid. 

Thiazides: I lydrochlorotliiazidc (\ ICT/,) and mdoluzoue. 
Potassium-sparing agents: Spironolactone, triamterene, and amiloridc. 

Osmotic Agents (Mannitol and Urea) 

Mechanism 

Mannitol is filtered into the tubular lumen but not reabsorbed, increasing 
osmotic pressure in the lumen. 


TABLE 8-21, Common Electrolyte Changes Seen with Diuretic Use 


Class 

Drugs 

1 Cl 11 Ilf ITU III 1 Ml 

Mechanism of Action 

Mil hmhi mm Him uni 11 mi« u i nummim 

Electrolyte Changes 

Carbonic anhydrase 
inhibitors 

Aeetazolamide 

Inhibits carbonic anhydrase in PCI, 
blocks Na + /H + exchange. 

Hyperchloremic metabolic acidosis 
(tCl" tH + ) 

Hypokalemia (J,K + ) 

Osmotic agents 

Mannitol, urea 

Increases tubular fluid osmotarity in 
entire tubule. 

Hypernatremia (tNa + ) 

loop agents 

Furosemide, bumetanide, 
ethaoynic acid 

Inhibits Na + -K + -2CI" transporter 
in thick ascending Jimb of loop of 
Hente, 

Hyperchloremic metabolic acidosis 
(TO~ tH + ) 

Hyperuricemia (Turea) 

1 Hypokalemia (lK + ) 

Hypocalcemia (iCa ++ ) 
Hypomagnesemia (iMg ++ ) 

Thiazide diuretics 

Hyd roc h lo rot h iazi d e, 
chlorothiazide 

Blocks Na + -Cl" co-transport in DCL 

Hyperglycemia (Tglucose) 
Hyperlipidemia (tlipids) 

Hyp e ru r i ce m ia (t u rea) 

Hypercalcemia (Tta ++ ) 

Hypochloremic metabolic alkalosis 
(!CJ-,iH + ) 

Hypokalemia (iR + ) 

H ypon atre mia (1N a + ) 

Potassium-s pa ring 
agents 

Spironolactone, amilortde, 

triamterene 

Spironolactone is a competitive 
aldosterone receptor antagonist in 
collecting tubule. 

Other agents block Na + channels 
in collecting tubule. 

Metabolic acidosis (Th*) 

Hyperkalemia (tK + ) 

ft] >41 1 M 1 HI HH.—. . ■ „f f f T f n 1 f UllHf 



































Uses 

Reduction of intraocular or intracranial pressure, increases excretion of water 
with lesser sodium loss effects, urinary excretion of metabolic toxins. 


Side Effects 

Dehydration without adequate water intake. 
Increased ECF volume leading to pulmonary edema. 


Carbonic Anhydrase Inhibitors (Acetazolamide) 

Mechanism 

Blocks carbonic anhydrase, primarily in proximal tubule, preventing reabsorp¬ 
tion of sodium bicarbonate, leading to diuresis. 

Uses 

Glaucoma (decreases production of aqueous humor), acute mountain sick¬ 
ness (stimulates respiration by inhibiting carbonic anhydrase acidosis), elimi¬ 
nation of acidic toxins (alkaiinizes urine, leading to increased excretion of 
weak acids), and corrects metabolic alkalosis in CHF or respiratory acidosis. 



KEY FACT 


Acetazolamide is contraindicated 
in patients allergic to 
sulfonamides, since they share the 

sulfa group (R-50 2 -NH 2 ). 


Side Effects 

Renal stones (increases urine concentration of Ca^ + and phosphates). 
Potassium wasting (increased HCCX" in tubules attracts K + ). 
Hyperchloremic metabolic acidosis. 

Loop Agents (Furosemide, Bumetanide, and Ethacrynic Acid) 

Mechanism 

inhibit Na + -K + -2CI~ transporter in thick ascending limb. Decreases positive 
luminal potential leading to increased excretion of calcium and magnesium* 




MNEMONIC 


The AM is the proximal part of 
the day. 

Acetazolamide and Mannitol act on 

the proximal tubule. 


Uses 

Treatment of acute pulmonary or other edema, hypercalcemia, hyperkalemia, 
and ARE 


Side Effects 

Hypokalemic metabolic alkalosis 

Ototoxicity 

Hyperuricemia 

Hypomagnesemia 

Severe dehydration 

Allergic reactions (sulfonamide derivatives) 



CLINICAL 

CORRELATION 


Ethacrynic acid may be used in 
patients allergic to sulfonamides. 


Ethacrynic acid is a loop agent that acts on the same Na + -K + -2C1~ trans¬ 
porter, but is not a sulfonamide derivative like furosemide and bmnetanide. 


Thiazide Diuretics (Hydrochlorothiazide [HCTZ] and Metolazone) 
Mechanism 

Inhibit Na + -Cl* co-transport in DCT. 

Uses 

Treatment of hypertension, CHF, nephrosis, and hypercalciuria, and neph¬ 
rogenic DI (thiazides produce hyperosmolar urine, thereby diminishing 
polyuria). 







Side Effects 

Dehydration 

Hypokalemia 

1 lypochlorcmic metabolic alkalosis 

Hypercalcemia 

I lypemlyccniia 

Hype flip idem ia 

I lyperuriccmia 

Hyponatremia 

Allergic reactions (sulfonamide derivatives] 


Potassium-Sparing Agents (Spironolactone, Amiloride, and Triamterene) 
Mechanism 

Spironolactone directly antagonizes MRs (aldosterone), thereby preventing 
Na + reuptake* Amiloride and triamterene directly inhibit Na + channels, pre¬ 
venting movement of K + into the tubular lumen* 



FLASH BACK 


Spironolactone is a synthetic 17- 
lactone steroid with anti-androgen 
activity; binds and blocks the 
androgen receptor, resulting in 

gynecomastia. 


Uses 

Spironolactone: Primary hyperaldosteronisin (Conns syndrome) and 
edematous states caused by secondary aldosteronism (cirrhosis, nephrotic 
syndrome, and cardiac failure), 

Amiloride and triamterene: Counteract K + loss caused hv other diuretics, 
adjunct to other diuretics to treat edema or hypertension* 

Side Effects 

Hyperkalemia, hyperchloremic metabolic acidosis, gynecomastia, impotence 
(males), abnormal menses (females)* 


ANTIDIURETIC HORMONE (ADH) (VASOPRESSIN AND DESMOPRESSIN) 


Mechanism 

Upregulales selective water channels in collecting tubules* 

Uses 

Central Dl* enuresis. 

Sid e Effects 

Vasoconstriction 

Headache 

Nausea 


ANTIDIURETIC HORMONE ANTAGONISTS 


Demeclocycline 

Mechanism 

Nonsclcdivcly inhibits action of AH! I in collecting tubule through decrease 

ofcAMP. 

Uses 

SIADH, decrease intravascular fluid volume in heart or liver failure. 
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Side Effects 

Nephrogenic DI 
Renal ftiillire 


ANGIOTENSIN-CONVERTING ENZYME INHIBITORS 


Lisinopril, Enalapril, Captopril, and Ramipril 
Mechanism 

Inhibit ACE. which catalyzes conversion of angiotensins 1 to II. interrupting 
the rcnin-angiotensin-aldosterone axis. Also increases levels ofbradykinin (a 
potent vasodilator). In the kidney, ACE inhibitors decrease efferent arteriolar 
resistance, improving glomerular blood flow. 

Uses 

Treatment of mild to moderate hypertension. Proven renal protective func¬ 
tion in diabetics (decreases proteinuria and improves renal function in dia¬ 
betic nephropathy). 

Side Effects 

Dry cough (due to increased levels ofbradykinin). 

Teratogenic fdo not give to pregnant women). 

Hypotension. 

Acute renal failure (patients with bilateral renal artery stenosis). 
Hyperkalemia. 

Angiocdema. 


ANGIOTENSIN RECEPTOR BLOCKERS (ARBs) 


Losartan, Candesartan, Irbesartan, and Valsartan 
Mechanism 

block vasoconstriction and aldosterone-producing effects of angiotensin II at 
receptor sites in vascular smooth muscle and adrenal glands, interrupting the 
reniu-angiotensin-aldosterone axis. Unlike ACE inhibitors, ARBs do not 
affect brarlvkinin, thus are rarely associated with the persistent dry cough and/ 
or angioedema that limit ACE inhibitor therapy. 

Uses 

Treatment of mild to moderate hypertension. Alternative drug therapy for 
patients who cannot tolerate ACE inhibitors. 

Side Effects 

Hypotension 

leratogenic (do not give to pregnant women) 

Acute renal failure 
I lyperkalcmia 


NEPHROTOXIC DRUGS 


The kidneys are critical organs for removal of most drugs from the body. Tabic 
H-22 lists commonly used drugs and frequently encountered toxins that impair 
renal function. 










table 8-22, Common Renal Manifestations of Adverse Drug Reactions and Toxins 


.. ..~rrn i r ^ r mnin11 ttimibiti ..........mi.. mi i* —I|uni 

Drug Class Common Drugs 

Toxic Renal Action(s) 

Antihypertensives 

ACE inhibitors* ARBs. 

Fetal renal toxicity (teratogenic). 

Antibiotics 

Aminoglycosides (e.g., gentamycin, 
neomycin), penicillins (esp. methicillin), 
IMactams, sulfonamides (e.g.* 
sulfamethoxazole), trimethoprim, rifampin. 

Mild renal impairment to acute tubular necrosis (AIN) or acute 
interstitial nephritis (AIN), 

Antivirals 

Acyclovir, ganciclovir, foscarnet. 

Transient renal dysfunction. 

Antifungals 

Amphotericin B, polymyxin. 

Dose-related nephrotoxicity (direct acute tubular injury). 

Anti-inflammatory 

NSAIDs (e.g.* ibuprofen, indomethatin, 
naproxen), COX-2 inhibitors (e.g„ rofecoxib). 

AIN, renal papillary necrosis, direct tubular injury due to 

ischemia. 

Inhibition of COX isoenzymes inhibits renal PCI 2 
production, leading to altered excretion of Na + , edema, and 
hypertension. 

Immu nosuppressive 
drugs 

Cyclosporine, tacrolimus (FK50G), 

Oose-related nephrotoxicity (direct acute tubular injury). 

Chemotherapy drugs 

Gsplatin, cyclophosphamide. 

Dose-related nephrotoxicity, hemorrhagic cystitis. 

Radiocontrast dyes 

lodinated contrast agents. 

Contrast-induced acute renal failure(CIARF), usually in patients 
with underlying renal disease (e.g., diabetics). 

Endogenous toxins 

Myoglobin (rhabdomyolysis), hemoglobin 
(hemolysis). 

ATN, oliguria. 

Other exogenous 

toxins 

Ethylene glycol 

Renal failure at high doses. 


Heavy metals (i.e., arsenic, lead). ATN ( oliguria. 

i iitni>Bwm»iimuHiimimi ittii 1 i win iumtiimi muwiiiw im 


CLINICAL CONSIDERATIONS 


Administmlion of any drug requires c areful monitoring to ensure that desired 
therapeutic affects arc achieved without unacceptable adverse effects. Patients 
taking nntihypcrtensive drugs typicalh are older, have comorbid diseases, and 
take multiple medical ions. Table H-2"? identifies common comorbid states that 
require cautious monitoring of renal function and careful attention to con¬ 
comitant drug use due to their effects on pharmacokinetics, drug metabolism, 
and water and solute balance. 



































































TABLE 8 - 23 . Anti hypertensive Drug Use in Common Comorhid Medical Conditions 


Comorsio Medical 

CoMomoisis 

Diuretic Use 

ACE Inhibitors/ 

ARBs 

lAfttui) u iiiUMti nttti i n » iniirni itirui n i rou 111 itmitftniitMiHtwi i mu rnwn nnuiM^miuiKriH 

Other Drugs Commonly Used to Treat Condition 

Diabetes 


First-line agents 

b-Blotkers, lipid-modifying agents, calcium channel blockers, 
oral hypoglycemic drugs, and insulin. 

Hyperlipidemia 



Frequent comorbid condition with diabetes and heart disease. 

Chronic kidney disease 
(CKD) 

First-line agents 

Alternative agents 


Congestive heart failure 
(CHF) 

First-line agents 

First-line agents 

|V Blockers and other anti arrhythmic agents, lipid-modifying 

agents. 

Previous myocardial 
infarction (IVtt) 

Alternative agents 

First-line agents 

[i-Blockers and other anti-arhythmic agents, lipid modifying 
agents. 

Angina pectoris 

Alternative agents 

Alternative agents 

b-Blockers and other anti-arrhythmic agents, lipid modifying 
agents. 

Chronic obstructive 

pulmonary disease 
(COPD) 

First-fine agents 

Alternative agents 

Theophylline, sympathomimetics (re,, albuterol), 
anticholinergic drugs, inhaled corticosteroids, ipratropium. 



Key Terms 


ARF 

Sudden decline in renal function (triggered by numerous disease processes). 

Anuria 

Absence of urine production. 

Azotemia 

Accumulation of nitrogenous waste products (BUN and creatinine) in the 
blood. 

Dysuria 

Painful or difficult urination. 

Hematuria 

Presence of blood in the urine. 

Nocturia 

Excessive urination at night. 

Oliguria 

Diminished urine output (< 0.5 ml/kg/h). 

Polydipsia 

Excessive thirst (may signal diabetes). 

Renal colic 

Severe, intermittent pain originating in the flank and radiating to the groin, 
often attributed to presence of a kidney stone in the collecting system. 

Uremia 

Excess of the nitrogen waste products of protein in the blood with the signs 
and symptoms of chronic renal failure (CRF). 

































































































NEPHROTIC SYNDROME 


Proteinuria (> 3.5 g/d), hypoalbtimmemia, generalized edema, hyperlipi¬ 
demia and lipiduria resulting from damage to the capillary walls of the glom¬ 
eruli, Loss of protein in the intravascular space will lead In severe edema 
(anasarca), hypoperftiscd kidneys, and activation of the renin-angiotensin- 
aldosterone system (RAAS). 

Minimal Change Disease 

Most frecjncut in children aged 2-3 years. Children present with general¬ 
ized edema, particularly periorbital edema. Light microscopy slums normal- 
appearing glomeruli, while electron microscopy (KM) shows loss of visceral 
epithelial podoevtes {foot process effsieeinent). The protein lost in the urine 
is mostly albumin (selective proteinuria). Responds well to steroids. 

Membranous Glomerulonephritis 

Most common in those 30-50 years old. The cause is diffuse thickening of 
the CRM due to subepitbclinl deposits separated by small spikes of CBM 
matrix (spike-and-dome pattern), There is a loss of globulins as well as albu¬ 
min (iionselective proteinuria). 

Focal Segmental Glomerulosclerosis 

dins is a frequent cause of nephrotic syndrome in immunocompromised 
patients (UIV/AIDS). Oil kidney biopsy, segments of only some of the glom¬ 
eruli show sclerosis and deposits of hyaline (hyalinosis). In addition to the pre¬ 
sentation of characteristic nephrotic syndrome, patients may also have mild 
hematuria and hypertension. Proteinuria is iionselective. 

Membranoproliferative Glomerulonephritis 

There are two types. Type I is characterized by subendothelial electron-dense 
deposits and accounts for most cases. 'These deposits give the CBM a “double 
contour” or tram-traek appearance. Those with type II commonly have C3 
nephritic factor. 


NEPHRITIC SYNDROME 


Hematuria with RBCs in lUc urine, oliguria or azotemia (elevated BUN and 
Cr), and hypertension. There are four common diseases that cause this syn¬ 
drome, each characterized by injury to the capillary walls permitting escape 
of RBCs into tlic urine. See Table K-24 for comparison of nephrotic and 
nephritic syndromes. 

Acute Proliferative Glomerulonephritis 

Patients present with smoky brown-colored urine, bypocomplcmentemia, 
and [gG deposits on the CBM, These deposits are snbepithclial (subepithe- 
lial humps on KM ) and cause an intense inflammatory reaction. The antigen 
of the antigen-antibody complexes is usually from a preceding post-strepto- 
coccal infection. 

Rapidly Progressive (Crescentic) Glomerulonephritis 

Loss of renal function within days to weeks, and is manifest by active urine 
sediment (hematuria, dysmorphic RBCs, and RRC casts). Histologically, it is 
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TABLE 3 - 24 . Nephrotic versus Nephritic Syndrome 



Nephrotic Syndrome 

NEPHRmc Syndrome 

Cause 

Increased permeability of 
the CBM, leading to massive 
proteinuria and secondary 
metabolic changes. 

Inflammation of the glomerulus, 
with resultant rupture of glomerular 
capillaries, causing hematuria. 

Proteinuria 

Yes, > 3.5 g/24 h, 

Variable, usually < 1,5 g/24 h. 

Edema 

Yes, often massive. 

Variable, usually mild. 

Hypoalbuminemia 

Yes, secondary to renal toss. 

No. 

Hypertension 

Variable, 

Yes. 

Hyperlipidemia 

Yes, secondary to increased 
hepatic production. 

No. 

Hematuria 

Variable, 

Yes, often macroscopic; smoky- 
brown urine. 


characterized by the formation and proliferation of parietal cells and mono¬ 
cytes (forming crescents) between Bowmans capsule and the glomerular tufl. 

IgA Nephropathy (Berger's Disease or Focal Glomerulonephritis) 

Nephritic syndrome caused by the deposition of IgA (due to abnormal pro¬ 
duction and clearance) in the mesangium, ll usually affects young children 
and clinicalh manifests as gross, recurrent hematuria following an upper 
respiratory infection, ll can exist alone, or as a component of Heuoch-Schon- 
lein purpura (Berger’s disease with a systemic syndrome involving a purpuric 
rash, abdominal pain, and arthritis). 

Alport's Syndrome 

Affects males 20—50 years old and is nephritic syndrome accompanied bv 
nerve deafness and various eye disorders (lens dislocation, posterior cataracts, 
and conical dystrophy). 


UBINARY TRACT INFECTIONS 


Classically presents with dysuria (pain with urination), increased frequency 
of urination* and a sense of urgency caused by irritation of ilie bladder and 
urethra by bacterial infection. The most common offending bacteria arc 
Escherichia colt as well as Proteus and Klebsiella. It is more frequently seen in 
women due to a shorter urethra, and can be diagnosed with a urinalysis show¬ 
ing bactcriuria. positive leukocyte esterase, and positive nitrites. 

Acute Pyelonephritis 

A bacterial infection of the kidney that mainly targets the renal pelvis and 
almost always involves infection ol the lower urinary tract as welL Signs that 
the kidney is also involved include flank pain and pyuria (WBCs in the 
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urine). II tlic kidney becomes obstructed and is unable lo drain the infection, 
die renal pelvis may fill with a suppurative exudate, producing pyonephrosis. 

Vesicoureteral Reflux 

A congenital defect, present in up to 40% of children with a UTI, resulting 
in incompetent urclerovcsicular valves which allow infected bladder urine to 
reflux back up into tlic renal pelves. Suspect Ibis in young children (espe¬ 
cially young males) with recurrent UTls. 

Chronic Reflux Nephropathy 

The most common form of chronic pyelonephritis and results from a UTI 
with congenital VUR. This can lead to chronic renal insufficiency if left 
untreated when patients present later in life with hypertension and renal 
insufficiency. 


URINARY TRACT INSULTS 


Necrotizing Papillitis/Papitlary Necrosis 

A form of pyelonephritis cliaracierized by ischemic and suppurative necrosis 
of the renal papillae (more emmnon among diabetics and those who abuse 
aspirin or acetaminophen), Cray to yellow necrosis nf the renal pyramids is 
pathognomonic for this disease. 

Acute Drug-tnduced Interstitial Nephritis 

An adverse drug reaction that begins about a couple weeks after exposure. It 
is characterized by fever, cosinophiiia, rash, rising serum creatinine, and pos¬ 
sibly ARK Stopping the offending agent early is usually curative. 

Acute Tubular Necrosis 

The most common cause of ARK presenting as oliguria and muddy brown 
casts in the mine. It is caused by destruction of tubular epithelial cells from 
renal ischemia due to shock, trauma, bacterial sepsis, or exposure to nephro¬ 
toxic agents. 


CYSTIC KIDNEY DISEASE 


Simple Cysts 

Less than 5 cm in size, these cysts arc usually filled with clear fluid and con¬ 
fined to the cortex of the kidney. These can he differentiated From tumors by 
ultrasound findings of smooth contours, lack of vascularity, and positive fluid 
signals. 

Dialysis-Associated Acquired Cysts 

Dialysis patients may present with hematuria after many years of treatment. 
These cysts occur in both the medulla and the cortex and may become a 
place for renal adenomas to form. 

Autosomal Dominant Polycystic Kidney Disease (ADPCKD) 

Patients usually present in their 40s with (lank pain, intermittent hematuria, 
a palpable abdominal/flank mass, and a positive family history of kidney dis¬ 
ease. ADPCKD is characterized bv multiple cysts in both kidneys lb a I destroy 
the intervening parenchyma. It accounts for 10% of CRK and is a cause of 










refractory hypertension and urinary infection. There is an association with 
saccular aneurysms affecting the circle of Willis, leading to a high incidence 
of subarachnoid hemorrhage. 

Autosomal Recessive (Childhood) Polycystic Kidney Disease (ARPCKD) 

Rare, autosomal recessive, developmental disease .subgrouped into four types: 
perinatal, neonatal, infantile, and juvenile. All result from mutations on chro¬ 
mosome 6p. Serious illness presents at birth, and deatli may follow due to 
renal or pulmonary failure. Grossly, the kidneys are affected bilaterally and 
take on a sponge-like appearance. Patients who survive develop cysts in the 
liver and ultimate!) develop congenital hepatic cirrhosis. 


VASCULAR DISEASES AND THE KIDNEY 


Benign Nephrosclerosis 

Occurs after years of "benign" hypertension with a slow decrease in kidney 
function and proteinuria. It is associated with hyaline thickening of the walls 
of the small arteries within the kidney, resulting in decreased blood flow and 
ischemia* This results in the kidneys being symmetrically atrophic with a 
granular surface. 

Malignant Hypertension 

Presents clinically as diastolic pressures > 120 mmHg and ultimately renal 
failure with symptoms of end-organ damage such as headache, nausea, and 
visual impairment. It may occur in people with or without prior hypertension 
due to dysfunction of the renin-angiotensin system. The high BP damages ves¬ 
sel walls and increases fibrin permeability (fibrinoid necrosis). Inflammatory 
cells are also present doe to the vascular damage (necrotizing artcrinlitas). 


THROMBOTIC MICROANGIOPATHY 


A group of syndromes that present with microangiopathic hemolytic anemia, 
thrombocytopenia, and sometimes renal failure due to widespread thrombosis 
in the micro vasculature. 

Hemolytic Uremic Syndrome (HUS) 

Presents with GI and flu-like symptoms followed by bleeding problems 
(hematuria), and usually follows intestinal infection with Shiga toxin-produc¬ 
ing bacteria (E. coli 0157:117), which causes endothelial damage, and thus 
increasing thrombosis and vasoconstriction, particularly in the kidney. It is 
one of the main causes of ARK in children. 

Thrombotic Thrombocytopenic Purpura (TTP) 

Presents with the classic pentad of fever, anemia, thrombocytopenia, renal 
dysfunction, and some Form of neurologic deficit. It is caused b\ an acquired 
defect in proteolytic cleavage ofvWF nmltimers. 


RENAL ST0NE5 (NEPHROLITHIASIS) 


Stone formation at any level in the urinary system, usually due to an increase 
in urine concentration, with most composed of calcium oxalate. Thev present 
with flank pain radiating to the groin (renal colic) and possibly hematuria. 
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Hydrouretcr: If a stone descends into the ureter, ii may cause an obstruc¬ 
tion, leading lo accumulation of fluid behind the stone and dilation of the 
ureter and even the renal pelvis. 

Hydronephrosis: Obstruction leading to dilation of the renal pelvis and 
with subsequent atrophy of the parenchyma due to back pressure on the 
kidney. 

Magnesium Ammonium Phosphate (Struvite) 

These almost always occur in patients with persistently alkaline urine due to 
UTIs, especially with P. vulgaris (a urease-posrtivc organism). 

Uric Acid Stones 

Gout and disease leading to rapid cell turnover induce high uric acid levels in 
the urine with the possibility of uric acid stone formation. 

Cysteine Stones 

Associated with a genetically determined defect in the renal transport of 
amino acids (cysteine). 

Staghorn Calculi 

Accretion of salts leads to the development of these branching structures 
which create a cast of the renal pelvis and calyx system. 


ELECTROLYTE ABNORMALITIES 


Klcctrolvte abnormalities arc frequent clinical occurrences. The presenting 
symptoms are determined by the electrolyte involved. See Table 8-25 for a 
review. 


ACUTE RENAL FAILURE 


Acute renal failure most commonly presents with a decrease in kidney func¬ 
tion manifested as decreased urine output (oliguria) with an increase in I lie 
accumulation of nitrogenous waste products (azotemia). Flic cause of ARF 
can be classified by the location of tlie insult: before, after, or within the kid¬ 
ney (see 1 able 8-26). 


TUMORS OF THE RENAL SYSTEM 


Renal Cell Carcinoma 

Presents most commonly in men over the age of 6t) who have a history of 
smoking, cadmium exposure, and chronic dialysis. The classic triad of symp¬ 
toms includes hematuria, fever, and dull flank pain, It may also cause symp¬ 
toms of polycythemia from the production of epoetin alfa. Three types exist. 

Clear cell (most common): Tumor cells have clear cytoplasm. The under¬ 
lying genetic defect is in the Vf fL gene, a tumor suppressor gene. 
Papillary': Tumor cells show a papillary' growth pattern and affect the 
proximal tubule. The underlying genetic defect involves the MKT proto- 
oncogene oti chromosome 7, 

Chromophobic: Tumor ceils slain more darkly than dear cells and affect 
the cortical collecting ducts. They are characterized by loss of an entire 
chromosome. Good prognosis* 
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TABLE e-2 5. Electrolyte Abnormalities 
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Presentation 

Causes 

Hypernatremia 

Excessive thirst, doughy skin, and mental status 
changes. 

Hypertonic saline, diuretics, diabetic ketoacidosis, 
and central or nephrogenic DL 

Hyponatremia 

Headaches, nausea, muscle cramps, depressed reflexes, 

and disorientation. 

Skin or Cl Josses, 5IADH water intoxication, and 
liver or heart failure; beware of central pontine 
myelino lysis during correction. 

Hyperkalemia 

Palpitations, muscle weakness; peaked T waves, 
widened QRS interval, flattened P waves, ventricular 

fibrillation. 

Lab error (hemolysis), renal failure, crush injury. 

Hypokalemia 

Fatigue, muscle weakness, hyporeflexia; flattened T 
waves, U waves, ST-segment depression. 

Insulin, diuretics, vomiting, hyperaldosteronemia, 
hypomagnesemia. 

Hypercalcemia 

"Renal stones, abdominal moans, painful bones, and 
psychiatric overtones*. 

Malignancy, hyperparathyroidism, granulomatous 

disease* 

Hypocalcemia 

Muscle cramps, depression, tetany, convulsions; QT- 
segment prolongation; Chvostek's and Trousseau's signs. 

DiCeorge's syndrome (in children), 
hypoparathyroidism (following parathyroidectomy), 
furosemide, and vitamin D deficiency. 

Hypomagnesemia 

Often asymptomatic; anorexia, nausea, vomiting, 
lethargy. 

Dietary deficiency; difficult to correct hypocalcemia 
or hypokalemia in the setting of hypomagnesemia. 




Urothelial (Transitional) Cell Carcinoma 

Tumors of the lower urinary tract arc more common than renal cell car¬ 
cinomas, and frequently present with painless hematuria. Men 50—70 
years old arc more frequently affected. There may be prior exposure to 
P-naph thy famine, cigarette smoking, and schistosomiasis. 

Wilms' Tumor 

This h the most common tumor in children (peak incidence between 2 and 
4 years old). Il usually presents with a palpable flank mass that originates 
from primitive metanephric tissue. Il is composed of a variety of Cells. Gencli- 

table 0-26* Types of Renal Failure 


Variable 

Prerenal 

Renal 


POSTRENAL 

Urine osmolality 

>500 

<350 


<350 

Urine Na 

<10 

>20 


>40 

Fe N« 

<m 

>2% 


>4% 

BUN/Cr ratio 

>20 

<15 


>15 
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cally, it is often associated with deletions of the short arm of chromosome II 
(VVT-I and WT-2 cancer suppressor genes are located here). 


AUTOIMMUNE RENAL DISEASES 


Goodpasture's Syndrome 

Nephritic syndrome caused by anti-GBM antibodies (targeting a component 
of type IV collagen) that also affect the lung alveoli. The result is both lung 
and kidney lesions manifested as hematuria with hemoptysis. 

Wegener's Nephritis 

Small-vessel vasculitis involving the upper and lower respiratory tract with 
glomerulonephritis. 1 listopathologically, it causes necrotizing inflammation 
and granuloma formation in small arteries and veins. Respiratory involvement 
presents as paranasal sinus pain, drainage of bloody nasal discharge, hemopty¬ 
sis, dyspnea, or chest discomfort. ANCA-positive in 80% of patients with renal 
involvement. Biopsy shows focal segmental glomerulonephritis. 
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KEY FACT 


Most disorders of sexual 
differentiation involve 
discordance between the go n da I 
and genital sex, leading to 

pseudohermaphroditism. 


CLINICAL 

CORRELATION 


The presence or absence of a 
Y chromosome determines the 
genetic sex, even in errors of sex 
chromosome nondisjunction. 

For example, individuals with 
Klinefelter's syndrome {47 r XXY) are 
considered to be genetically male 
and those with Turner's syndrome 
(45,XO) are female. 



KEY FACT 


Steroid and peptide hormones 
secreted by the gonads lead to 
differentiation of the internal and 
external sexual structures and 
imprinting of the brain. 



Determination of Gender 

1 he structural and functional aspects of human sexuality are determined in 
four steps: 

Genetic sex: Presence or absence of a Y chromosome. 

Gonadal sex: Presence of testes or ovaries. 

Phenotypic sex: Appearance of the external genitalia. 

Sexual identity: Composite of psychosocial influences on sexual behavior, 
orientation, and role. 

Genotypic Gender 

Genetic, or karyotypic, sex is determined at the time of conception. The 
oocyte provides an X chromosome, and the sperm cell carries either an X or 
Y chromosome, Tims, at fertilization, either an XX female or XV male is cre¬ 
ated. The sex-determining region (SRY) gene on the Y chromosome encodes 
the testis-determining factor (TDK), a transcription factor whose targets 
induce a male phenotype. In lire absence of SRY or I DF, a female phenotype 
develops. Notably, the genes from both X chromosomes are needed for female 
development, hut can be overridden by SRY. 

Phenotypic Gender 

Additionally, gender phenotype is affected by hormonal expression (see Table 
C J-1), While the female phenotype is the default, the male phenotype requires 
expression of testosterone by the interstitial Lcydigs cells and anti-mullerian 
hormone (AMH) by Sertoli s cells. 



The physiologic effects of 
testosterone and anti-mullerian 
hormone (AMH) are critical for 
the expression of male phenotypic 
gender. 


Early Indifferent Development 

'Hie SRY gene is not activated until the seventh week of embry onic devel¬ 
opment, so reproductive organs undergo an initial common stage of develop¬ 
ment beginning in the fifth week, known as the indifferent stage, Male and 
female external genitalia can he differentiated by week 9 of fetal life and are 


TABLE S -1. Hormones in Sexual Differentiation 


Hormone 

Internal Structures 

External Genitalia 

Testosterone 

Stimulates development of the vas 
deferens, seminal vesicles, and 
epididymis. 


Mlf 

Inhibits development of the ovaries and 
fallopian tubes. 


DNT 

Stimulates development of the prostate. 

Stimulates development of 
the penis and scrotum. 

Estrogen 


Stimulates development of 
the vagina and labra. 

























fully developed by week 12, For the male, lire testes remain high in the abdo¬ 
men until about the 30th week (seventh month) of gestation, when, under the 
influence of mulleriaivinhibitmg factor (MIF) and androgens (testosterone 
and diliydrotcstosterone [DHT]), they undergo transabdominnl and transi ri¬ 
gid ita I descent, respectively. 


Gonads 

At the seventh week of gestation, if a Y chromosome is present, sex-determin¬ 
ing region Y (SKY) leads to the development of testes; absence of SKY leads 
to formation of ovaries. Determination of the gonadal sex (i.e, P formation 
of either testes nr ovaries) leads to differentiation of the germ cells. In male 
development, Lcydigs and Sertoli’s cells develop by week S, producing testos¬ 
terone and Mll\ respectively. 


Primordial germ cells, which will form the gametes, migrate out to the yolk 
sac wall during gastrulation. As mitosis occurs during the fourth to sixth 
weeks, they return to the embryo through the Cl tract and its surrounding 
peritoneum, the dorsal mesentery (see Figure 9-1). The cells invade the 
gonadal ridge (a mass of mesodermal tissue at t he back of the abdominal cav¬ 
ity), proliferate, and become embedded medial to the developing mesoneph¬ 
ros, Three primary cell types (mesenchymal cells, mcsothelial cells, and pri¬ 
mordial germ cells) develop in the gonadal ridge (see Table 9-2). 



FLASH BACK 


Genital Ducts 

The mesonephric (wolffian) and paramcsonephric (mullerian) ducts are 
mesodermal derivatives that form the male and female genital duct systems, 
respectively (see Figure 9-2). Testosterone stimulates differentiation of the 
wolffian duel, producing the epididymis, vas deferens, and seminal vesicle. 
Meanwhile, MIF blocks aromatase. thereby suppressing development of the 
iniillerian duct, hi females, the lack of these factors allows the mullcrian duet 
to develop into the fallopian tubes and uterus, while the wolffian duct degen¬ 
erates. An overview of these pathways is illustrated in Figure 9-3. 


The development of the kidneys 
occurs in three stages. The 
pronephros (cervical region) is 
nonfunctional, the mesonephros 
(thoracolumbar region) functions 
temporarily, and the metanephros 
(pelvis) becomes the definitive 
kidney. 


Primordial 

germ celts Mesenchyme 


Primary 
sex cords 




Dorsal 
mesentery 

Hindgut 


Vitelline 
duct 


Allantois 



Gonadal ridge Mesonephros 


figure 9 - 1 * Primordial germ cell migration and gonadal ridge formation. 11 ic primor¬ 
dial germ cells migrate from llse wall of the yolk sac to the gonadal ridge, where they settle into 
the primary sex cords. 
























FIGURE 9 - 2 . Indifferent genital duct formation. Once it becomes hollow, the meso¬ 
nephric iliict drains urine for the mesonephros, Tire pmainesoiiepliric dud forms lateral to the 
mesonephric duel and fuses al the midlint I his fused lip will become the uterus. 



FLASH BACK 

k_ 


Remember: The mesonephros, 
or primitive kidney, gives rise to 
the mesonephric (wolffran) dud. 
By contrast, the paramesonephric 
(mullerian) dud is not associated 
With any of the three steps of renal 
development. 



FLASH BACK 

k _ 


If embryologic terms are giving you 
trouble, it may be worth reviewing 
the embryology decoder ring. As a 
brief review: meso = middle, para - 
alongside, caudal = hind part, cranial 
= head part. 


The mesonephric duet is derived front intermediate mesoderm. It forms as a 
longitudinal solid cord of tissue dorsolateral to the mesonephric tubules in the 
thoracic region. The solid cords grow caudally and fuse with ihe ventrolateral 
walls of the cloaca, the urogenital sinus. Subsequently, it detaches from all 
but the urogenital sinus and canalizes, forming a lumen. During the sixth to 
10th weeks it drains urine from the mesonephros* a temporary kidney. 

The para mesonephric duet forms lateral to the mesonephric duct via an 
invagination of celomic epithelium on the cranial aspect of the mesoneph¬ 
ros. The invaginated portion of the mitllcrian duet forms the ostium at the 
future fimbriated end (infundibulum) of the uterine tube, which opens into 
the celomic cavity* the future peritoneal cavity. The duet then grows caudally 
and crosses over the mesonephric duel. At the midline it fuses with the 1 duel 
growing from the other side, fanning a canal that will become I lie uterus 
(see f igure The fused lip then presses on the urogenital sinus, forming a 
small protrusion. 


TA B L E 9 - 2 . Gonadal Ridge Cell Types 

Cell Type 

Fate 

Mesenchymal cells 

Gonadal ridge medulla: Male ■» Leydig's cells; female = ovarian 
support stroma. 

Mesothdial celts 

Gonadal ridge and primary sex cord cortex: Male *= seminiferous 
tubules; female “ ovarian follicles. 

Primordial germ cells 

Enter primary sex cords as future gametes: 

Male =* spermatogonia; female = oocytes. 
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Genital (gonadal) 
ridge 




|Bipotential gonad 

SRY 



r \ Theca ^ 
1 Granulosa] - 


Sertoli 


k |leydig| - 


Uterus, fallopian tubes, 
^.Tipper vagina 


^ [Estrogen] / 


CParame s onep h ricducf) 

/ 


• (A MH (MIF) ) 

■ ( Tcsloslerontj ■ 


•fDHT] 


(^Mesonephric ducf) 


C 


Vas deferens, epididymisT' 
seminal vesicle 


FIGURE 9*3, Overview of sexual differentiation. SKY - sex-tlelenniiiitn; region Y 


External Genitalia 

Masculinization (virilization) or feminization of the external genitalia also 
depends on the presence or absence of male hormones. Whereas testosterone 
mainly affects the internal structures, DHT affects the prostate, penis, and 
scrotum. In the female, lack of testes—and thereby vastly reduced levels of 
androgens—leads to development of the vagina and labia, f etal estradiol has 
little effect on sexual differentiation, though estrogens from either the mother 
or exogenous sources can contribute to femininizaHou of the genitalia in 
cither gender. The roles of these hormones in determining gonadal and phe¬ 
notypic sex arc summarized in Table 9-1. 

Around the fourth week, five mesenchymal swellings covered with ectoderm 
form around the cloaeal membrane: one genital tubercle, two urogenital 
folds, and two labinserotal folds (sec f igure 9*4). The cloaca! membrane 
divides in half and ruptures, forming the urogenital orifice and anus. A liga¬ 
ment, the gubcniaciilum, forms between the indifferent gonads and the 
lahioscrotal swellings. This ligament will guide the testes into I lie scrotum and 
form the round ligaments of the uterus and ovaries. 

Male Development 
Testes 

When the SKY gene is transcribed, its transcription factor product TDK acts 
on the indifferent gonads (see Figure 9-5), They differentiate into: 

Primary sex cords (middle): Coiled, solid testis cords. 

Primary' sex cords (ends): Stay straight, join near hikun = rcte testes. 

Retc testes + mesonephric tubule remnants: Efferent ductules* 
Mesenchyme thickening: Tunica albuginea* 

Mesothelial cells: Sertoli's cells. 

Mcsothelial cells between testis cords: Interstitial cells (Leydig's cells), 

M lie testes enlarge and separate from the mesonephros, following the lower 
gubemacula to reach the scrotum via the inguinal canal (see Figure 9-6)* At 



KEY FACT 


The gubernaculum holds the 
reproductive organs in place as the 
scrotal hgamenl in males and the 
round ligaments of the uterus and 
ovaries in females. 



FLASH BACK 


Hie inguinal (Hesselbach's) 
triangle is the area defined by 
the rectus abdominis muscle 
medially the inguinal ligament 

interiorly, and the inferior 

epigastric vessels superiorly and 
laterally It is in this region that 
direct inguinal hernias protrude 
through the abdominal wall 








































Genital tubercle 


Urogenital sinus 


Labioscrotai fold 



FIGURE 9 - 4 . Indifferent external genitalia development The indifferent external geni- 
lalia consist of five mesenchymal swellings: one genital tubercle, two urogenital folds, and two 
labioscrotai folds. 





Mesonephros 
Mesonephric duct 


germ cells 


Paramesonephric dw 


Primary sex cord: 
Ends —► rate testes 
Middle testis cords 


Mesonephros: 

Degenerates 

Mesonephric ductules: J Aorta 

Gombine with ends of rete / 
testes —► efferent ductules | 


Para mesonephric 
duct 


Tunica albuginea: 
Forms Intestine 


Aorta 


Paramesonephric 
duct: Shrivels 


Mesonephric duct: 
Where efferent 
ductules 


Primordial germ 
cells: Surrounded 
by support cells Aorta 


Testis cords Tunica 

albuginea 


Paramesonephric 
duel: Degenerates 


Tunica albuginea: 
Forms septations 


Testis cords: Become 
seminiferous tubules 


FIGURE 9*5, Testis development. As tile lestes develop, the lest is cords, rdc testes, and ef¬ 
ferent ductules form, while the piimmcsonephrie duel degenerates. As these structures mature, 
the tunica albuginea separates the testis cords w hose mesolhelial cells differentiate into Sertoli's 
and i -cvdigs support cells. 
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Testes 

Hii 

Peritoneal 
cavity 


Penis 



I 

i 



Gubernaculum 


Inguinal Ductus 

canal deferens 


External spermatic fascia - 
External abdominal oblique 




Internal spermatic fascia h 
T ransversals fascia 

Tunica albuginea 


Cremasteric muscle and fascia —> Tunica 

Internal abdominal oblique vaginalis 


figure s * 6 * Male testicular descent As the testes descend through the inguinal canal, portions of the abdominal wall precede 
them, forming the layers of the scrota I wall and sheath of the spermatic cord. 


the same Hme, the upper gubemacula degenerate. As the testes travel, the lay¬ 
ers of the abdominal wall travel ahead, forming the layers of the scrotal wall 
and spermatic cord (see Figure 9-6). A thin fold of peritoneum, the processes 
vaginalis, also descends, but its connection to the abdomen is lost between 
the future deep ring of the inguinal canal and the upper pole of the testis. 
However, it remains in the scrotum as the tunica vaginalis, which covers tire 
spermatic cord and testes. In a vast majority of cases, the testes finish their 
descent and are present in the scrotum at birth. 

Internal Genitalia 

Around the eighth week after fertilization, Sertoli's cells secrete mullerian- 
inhibiting substance (MIS), which induces regression of the parameso- 
nephric (niiillcrian) duct. Leydigs cells begin tn secrete androgens that stim¬ 
ulate differentiation of the mesonephric (wolffian) ducts. The mesonephric 
ducts form several structures (see Figure 9-7). 

Epididymis: Coiled ducts, form caudally. 

Ductus deferens: Thick smooth muscle coat, ends in prostatie urethra. 
Ejaculatory duct: Located in prostatic urethra. 

Seminal vesicles: At the terminal end. 

Another important structure, the prostate, forms as an endedcrmal outgrowth 
from llic urogenital sinus that forms I lie prostatie urethra- There arc two zones 
of glandular tissue surrounded by mesenchyme. The outer zone of prostatie 
glands constitutes the posterior lobe. The inner zone of mucus glands, which 


CLINICAL 

CORRELATION 


Direct inguinal hernias are 

acquired hernias that occur when 
bowel protrudes through a weak 
point of the abdominal wall, the 
superficial inguinal ring of the 
inguinal canal. Indirect inguinal 
hernias are congenital hernias 
and occur when bowel protrudes 
through a patent processus 
vaginalis, an incomplete closure of 
the inguinal canal. A hydrocele is 
a collection of serous fluid that can 
form in the tunica vaginalis. 




MNEMONIC 


Mesonephric duct derivatives: 

Seminal vesicles 
Epididymis 
Ejaculatory duct 
Ductus deferens 
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Derivatives of the 
mesonephric 
(woiffian) duct 


Epididymis 


Ductus deferens 

Seminal vesicles 
Ejaculatory duel 



Para mesonephric 
duct: Atrophies 


Gubernactilum 


Urogenital sinus 


FIGURE 9-7. Male internal genitalia development 3 lie inesoneplmc (woiffian) duel 
differentiates to form the epididymis* ductus deferens, seniinut vesicles, and ejaculatory duct, 
while the punmiesonephric (mitllcrian) duct atrophies* 


CLINICAL 

CORRELATION 


constitute the median lobe, also contains mesoderm from the inesonepheric 
duct and mullcrian duct remnants. 


Adult prostate cancer usually 
occurs in the outer zone of the 
prostate, while benign prostatk 
hyperplasia (BPH) usually occurs 
in the inner zone. 


External Genitalia 

Testosterone secreted by Leydigs cells also induces changes in the external 
genitalia (see f igure 9-8)* 

Phallus enlargement becomes the gians (distal end). 

Urogenital fusion ventrally forms the bodv. 

Labioscrutal fold fusion forms the scrotum* 
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FIGURE 9-fl. Male external genitalia development During development of the male 
external genitalia the phrdlus enlarges and the urogenital and lahiosemhd folds fuse at the uiid 
line. This results in formation of the penile glims. penile hod), and scroll mi, respect ivdy. 























TABLE 9*3. Derivatives of Embryonic Urogenital Structures 



Male 

Female 

Mesonephric duct 

Ureter, renal pelvic, calyces, 
collecting tubules, ductus (vas) 
deferens, duct of epididymis, 
ejaculatory dud, seminal vesicle. 

Ureter, renal pelvic, calyces, 
collecting tubules. 

Para mesonephric 

duct 


Uterus, fallopian tubes. 

Urogenital sinus 

Urinary bladder, urethra, prostate 
gland, bulbourethral glands. 

Urinary bladder, urethra, vagina, 
urethral and paraurethral glands, 
greater vestibular glands. 

Gubernaculum 

“Scrotal ligament" 

Ovarian ligament, round 
ligament of the uterus. 


The urogenital fusion encloses the enclodennally-derived urethra, t he fusion 
processes leave a line called the scrotal and penile raphe. All structures are 
covered in ectoderm, but the ectoderm over Ihe glans breaks down to form 
the foreskin or prepuce. 

Tabic 9-3 and Figure 9-9 review the interna] and external structural homo- 
logues between genders. 



Male Female 


Di hydro testosterone 

Gians penis -<-- Genital tubercle 


Corpus spongiosum 
Bui bo u re Ih ra I gland s ^ 
(of Cowper) 


Urogenital sinus 
Urogenital sinus 


Prostate gland 


Urogenital sinus 


Ventral shaft of penis 
(penile urethra) 


Urogenital folds 


Estrogen 

-Gians clitoris 

-► Vestibular bulbs 

__ Greater vestibular glands 

(of Bartholin) 

___ Urethral and paraurethral glands 

(of Skene) 

-Labia minora 


Scrotum 


Labloscfota! swelling 


► Labia rnajora 


FIGURE 9*9, Male and female genital homofogues. 
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Mesonephros: Primordial 
Degenerates ^ germ cells 
Mesonephric duct 


duct 

Primary sex cords: 
Degenerate Intestine 



Mesonephros: 

Degenerates 


Mesonephric duct: 


dud I Intestine 

Primary sex cords: 
Degenerate 



Mesonephric duct: 
Degenerates Oogonia 


Para mesonephric 
duct 


figure 9-10, Ovarian development As I lie ovaries develop, the mesoneph ros and primary sc\ cords degenerate. The primordial 
germ cells migrate into the secondary sex cords and form primordial follicles. These follicles then differentiate into oogonia, 


Female Development 
Ovaries 

In the absence of the SKY gene, the indifferent gonads follow a female pattern 
□f differentiation (sec Figure 9-10). They differentiate to form: 

Primary sex cords: Degenerate, and secondary sex cords form. 

Secondary sex cords: Break up into primordial follicles (a single germ cell 
+ a single layer of mcsothclial follicular cells)* 

Primordial germ cells; Differentiate to oogonia, and undergo mitosis to 
increase their numbers. 

Mesenchyme: Connective tissue stroma for follicular support. 

Before birth, the oogonia enter the first propha.se of meiosis and no further 
division is possible. The ovaries separate from the mesonephros and become 
suspended in the pelvic mesentery. The peritoneal covering of the ovary is 
lost. After puberty, the ova arc extruded into the peritoneal cavity and gath¬ 
ered into the ostium of the infundibulum bv the fimbria. 

Internal Genitalia 

The female internal genitalia develop due to the absence of testosterone and 
MIS. Without ihesc substances, the mesonephric (wolffian) duet regresses 
and the paratnesonepliric (miillerian) duct begins to differentiate. The 
para mesonephric ducts partially fuse at the midline to form several structures 
(sec Figure 9-11). 

Oviduct (fallopian tubes): Upper, non fused portion of duels. 

Fimbria: Elongation of oviducts. 

Uterus: Lower, fused portion of ducts. 

Vagina (upper four-fifths): Lower, fused portion of ducts. 

Segments of the oviduct (infundibulum, ampulla, and isthmus) form when 
muscles and mucous membranes differentiate. The uterus develops a layer 
of myometrium from the surrounding mesenchyme and a layer of peritoneal 
covering, the perimetrium (serosa). The lower fifth of the vagina is formed 
from two outgrowths from the urogenital sinus wall, the sinovaginal bulbs. 
The ascending sinovaginal bulbs fuse with the descending para mesonephric 
system, creating the vaginal plate. The vaginal plate canalizes with only the 
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Paramesonephric 



Para mesonephric 
duct: Fuses at midline 


Mesonephric 

duct 


Urogenital 

sinus 


Uterus: Fused 
Faliopian tube: Non-fused paramesonephric duct 
para mesonephric duct 

Ovanan 



Mesonephric duct: 
degenerates 


Vagina: Fused 
para mesonephric duct 


Urogenital 

sinus 


FIGURE 9 - 1 ! * Female internal genitalia development. The lower portion of the pm a mesonephric dud fuses aL Lite midlinc, forming 
the uterus and upper vagina. The tipper portion of the para mesonephric duet does not fuse and forms the oviduct (fallopian tube). 


lliin covering of the hymen remaining. The greater (Bartholin's glands} and 
[lie lesser vestibular glands are cndodennal outgrowths of the urogenital sinus. 

The round ligaments of the ovary and uterus are formed from the gubcrnacu- 
Imn attached to the indifferent gonads (see Figure 9-12). The gubernactilum 
is initially separated into an upper and lower portion. As the nuillerian ducts 
fuse in the midline, the lower ligament is further separated, creating a total 
of three segments: suspensory ovarian ligjimenl* ovarian round ligji ninth and 
uterine round ligament. 

The broad ligament, which covers the entire uterus, develops when I he 
paraincsonephnc ducts descend through the pelvis, pulling a fold of celomic, 
or Body cavity, epithelium and mesenchyme with them. 



Suspensory ovanan 
ligament 


Ampulla of 
fallopian tuba 


Mesonephric duel: 
degenerates, bur leaves 
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Vagina 
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V 
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figure 9-12. Female ligament development The gubernactilum is separated into llirec segments that form the suspensory ovarian 
hgaincnh ovarian round lignmcnl, and uterine round ligament. The broad ligament covers I he entire uterus and fonns as lire developing 
iikmis descends through the pelvis, pulling epithelium and mesenchyme from the lining of the Imdv cavil) . 
















Urethral orifice 



Figure 9-13. Female external genitalia development. The genital tubercle develops 
into the clitoris, while the urogenital ant) lahioscrotal folds develop into the labia minora and 
labia niajora, respectively. 


External Genitalia 

Under i he influence of estrogen (see Figure 9* *1 >): 

Phallus enlarges to become the clitoris. 

Urogenital folds partially fuse to become labia minora. 

Labiosacral folds partially fuse to become labia majnra. 

The skin covering the clitoris does not break clown as in male development, 
so there is no foreskin equivalent. 


CLINICAL 

CORRELATION 


If portions of the mammary ridge 
do not regress, accessory nipples 

form. This is the most common 
congenital abnormality of breast 
development 


Breast Development 

Mammary glands develop from apocrine sweat glands in the mesenchymal 
layer just beneath the skin. Embryologieallv. breast development is identical 
in males and females. 

Week 4: The mammary ridge, a line of thickened ectoderm, develops 
from the inguinal region to the axilla. 

Weeks 4-6; The mammary ridge regresses except in the pectoral region. 
Week 6: Single mammary buds form as dmvngrowths of the mammary 
ridge. 

1 Weeks 6-birth; 

Placental hormones (c.g., lactogen) cause lactiferous duet branching, 
ii The surrounding mesenchyme develops into fat and connective tissue. 

The nipple is formed by depression of the skin before birth. 

Postnatal: The skin Surrounding the nipple pit grows, raising the nipple. 

* Puberty; If estrogen is present, female mammary glands develop. 


Male and Female Genital Homologues 

There arc several male and female homologues (see Figure 9-9). 


CONGENITAL MALFORMATIONS 


Gonadal Agenesis 

If primordial genu cells do not form or migrate, gonads do not develop and 
the duet systems and external genitalia differentiate along a female path until 
birth. 
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True Hermaphroditism 

In true hermaphroditism, which is very rare, there is one ovary, one testis, and 
external genitalia of both genders. 


Pseudohermaphroditism 

'Phis condition is characterized by gonads and karyotype of one gender, com¬ 
bined with secondary sex characteristics of the other gender. 

Male pscudohermaphrodites (c.g. t testicular feminization) 

XY, but female phenotype 
May nr may not have testes 

Female pseudoherniaphroditcs (e.g,, adrenogenital syndrome) 

XX, but male phenotype 
May or may not have ovaries 


CLINICAL 

CORRELATION 


5oereduetase deficiency, one of 
the more mild forms of male 
pseudohermaphroditism, leads to 
deficiency of DHT and thereby to 
ambiguous external genitalia. 


Cryptorchidism 

Failure of the testes to descend can occur secondary to abnormalities in either 
androgen production or shortening of the gubernacnhmi. Undescended tes¬ 
tes typically migrate to the scrotum within 3-6 months of birth. If fin's does 
not occur, the child is said to have cryptorchidism and surgical intervention is 
necessary either to lower them (orchidopexy) or remove them. Undescended 
testes are unable to produce mature spermatozoa because of the higher tem¬ 
perature inside the body. 

Congenital Inguinal Hernia 

Incomplete closure of the inguinal canal creates a passage from the abdomi¬ 
nal canal to the scrotum through which intestines can herniate. 


CLINICAL 

CORRELATION 


A man with a past history of 
cryptorchidism has an increased risk 
of testicular cancer, testicular torsion, 
inguinal hernia, and subfertility. 


Hypospadias 

This condition is marked by an abnormal opening of the penile urethra on 
lire inferior side of the penis (see Figure 9-14)* The opening occurs secondary 
to failure of the urethral folds to close. If this happens in females, the urethra 
opens into the vagina. This condition is the most common penile abnormality 
and must be corrected to prevent urinary tract infections (UTfs). 



KEY FACT 

L_ 


Hypospadias occurs more often than 
epispadias. 


Hypospadias 



figure 9 - 14 . Penile urethral abnormalities. Ik hypospadias, there* is m abnormal open* 
jng or tile urethra on the inferior side of the pruiv In epispadias, there is an abnormal opening 
of the urethra on the superior side of the penis. 



KEY FACT 

1 _ 


Hypospadias commonly occurs 
along with cryptorchidism (10% of 
boys). 



KEY FACT 

i_ 


Exstrophy of the bladder, in which 
the abdominal wall and bladder 
are malformed leaving the bladder 
exposed commonly occurs with 
epispadias. 
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figure 9-15. Uterine canal abnormalities. Abnormal fusion of tlic pnamesonephrit; 
duds rt".ulb in a double uterus (no fusion) ora bicorrmatc uterus (mcomplete fitsicm). 




MNEMONIC 


Hypospadias and epispadias 
defect locations: 

Hypospadias: Urethra opens on the 
inferior side of the penis (hypo = 
below). 

Epispadias: Urethra opens on the 
superior side of the penis (epi = on 
top of). 



FLASH BACK 

L.___ 


Turner's syndrome can occur 
due to various anomalies during 
meiosis or gametogenesis, such as 
nondisjunction. 


Epispadias 

'I bis condition is marked by an abnormal opening of the penile urethra on 
the superior side of the penis. This opening occurs due to malpositionmg of 
the genital tubercle. Tins condition is associated with exstrophy of the blad¬ 
der, a condition in which the bladder is exposed, inside out, and protrudes 
through the abdominal wall. 

Uterine Canal Abnormalities 

If Hie paramcsonephric ducts fail to fuse at the iiiidJinc, a double uterus 
forms. If partial fusion occurs, a bicomuate uterus forms (see Figure 945), 

Atresia of the Uterine Canal 

This condition occurs when there is narrowing or complete occlusion of (lie 
paramesoncphric duels (uterine atresia) or of just the si novagina] bulbs (vagi¬ 
nal atresia). 

Ovarian Hypoplasia 

This underdevelopment of the ovary is seen in patients with Turners syn¬ 
drome (XO), Primordial germ cells migrate toward ihe undifferentiated 
gonad, but follicles do not form. The vulnerable germ cells degenerate and 
the gonads do not produce hormones after birth, leaving the genitalia in an 
infantile state. 





Anatomy 



mmmmm 


LOWER ABDOMEN AND PERINEUM 


From superficial to deep, the abdominal wall consists of: 
Skin 

Subcutaneous fat 
Scarpa s fascia 
Fxlcrnal oblique muscle 
Internal oblique muscle 
Transvcrsus abdominis 
Transversal is fascia 
Preperitonea I fal 
Peritoneum 
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Rectus sheath 


Rectus abdominus 


Ltnea alba 


Parietal peritoneum 

Transverse fascia 
Transverse abdominal muscle 

Internal oblique 
External oblique 
Subcutaneous tissue 

Skin 


Parietal peritoneum 
Extra peritoneal fat 

Transversal is fascia 


FIGURE 9-16, Layers of the abdominal wall. 


The aponeuroses of the abdominal muscles form die rectus sheath, Above the 
arcuate line* the sheath has anterior and posterior portions that wrap around 
the rectus abdominis. Below the arcuate line, however, the rectus sheath onh 
travels anterior to the rectus abdominis, In other words, the posterior rectus 
sheath disappears (see Figure 9-16), 

The inguinal (Pouparts) ligament is derived from the inferior border of the 
external oblique muscle aponeurosis. This ligament serves as the inferior- 
lateral border in Hesse [bad is triangle, and as the superior-medial border in 
the femoral triangle (see Figure 9-17). 



FLASH BACK 

fc ___ 


Protrusion of peritoneum through 
the femoral canal results in a 
femarai hernia. 


The pelvic region contains four named fasciae: 

Camper s fascia: Fatty layer of the superficial Fascia of the low er abdomen. 
Scarpa s fascia: Membranous layer of I he superficial fascia of the lower 
abdomen (deep to Camper s fascia). 

Bucks fascia: Membranous layer of the deep fascia of the penis. 

Colics fascia: Membranous layer of the superficial fascia of the urogenital 
region (perineum). 



KEY FACT 


Scarpa's and Colies' fasciae are 
contiguous, 


Of these, only Buck's fascia is unique to men. 


Inguinal 

(PouparTs) 

ligament 


Femoral 

iriangle 


Sartorius 

muscle 



Rectus 

abdominis 

muscle 


Inferior 

epigastric vessels 
Hesse I bach's triangle 


Femoral ring 

(leading into femoral canal) 


Femoral vein 


FIGURE 9-17, Anatomic borders formed by the inguinal ligament. 























Venous drainage of (lie gonads differs by side, not gender. Whereas (lie right 
gonadal vein drains directly into the inferior vena cava (IVC), the left drains 
first into the left renal vein, which then connects to the IVC. 




MNEMONIC 


The pathway sperm take to exit 
the body: SEVEN UP, 

Seminiferous tubules (site of 
spermatogenesis) 

Epididymis 
Vas deferens 
Ejaculatory ducts 
(Nothing) 

Urethra 

Penis 


lymphatic fluid from the testes and ovaries drains to the para-aortic lymph 
nodes, regardless of the side of the body* 


MALE REPRODUCTIVE SY5TEM 


Reproductive structures in the male are located botli within and outside the 
pelvis, as shown in Figure 9-18. 

The pelvic fascia are illustrated in Figures 9-19 and 9-20. 

The male urethra is composed of three sections: the prostatie urethra (the 
widest section), the membranous urethra (the section that crosses the urogeni¬ 
tal diaphragm and external urethral sphincter), and the spongy urethra (the 
longest section). 



KEY FACT 

l _ 


The superficial vein of the penis 
is the only subcutaneous penile 
structure not ensheathed by Buck's 
fascia. 


Between the testis and inguinal canal, the vas deferens runs within the sper¬ 
matic cord. Cremasteric muscle fibers, the testicular artery', the pampiniform 
venous plexus, and the genital branch of the genitofemoral nerve are also 
found within this structure. The ilioinguinal nerve runs atop the spermatic 
cord. 

In the scrotum, the tunica dartos, a thin muscular layer superficial to Colics 
fascia, allows the scrotal skin to become tense. It also forms the scrotal sep¬ 
tum, which keeps the spermatic cords from getting tangled, The gubcrnacu- 
lum (sometimes called the “scrotal ligament”) further limits movement of the 
testes by tethering them to the inferior aspect of the scrotum. The left testis 
often hangs lower than the right. 


In conjunction with the cremaster muscle, which covers each testis, the 
tunica dartos allows the testes and scrotum to he drawn up closer to the body 
in cold environments. 


The layers of the scrotum arc reviewed in Figure 9-21 and Table 9-4. 


Bladder Ureter 


Vas deferens 


Symphysis** 


Seminal vesicle 


Prostate 


Inguinal canal 
Urethra 


Epididymis 



Head of epididymis 
\ 


Seminiferous tubules 


Prepuce 
Gians' 


y Cowper’s 
f \Jbuf bo urethral) gland 



Rete testis 


Vas deferens 


Scrotum 


Tunica afbugineay 

Tall of epididymis 


FIGURE 9 -1 6 Lateral view of the male reproductive system. 
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Capsule of 
the prostate 


Peritoneum Bladder 


Scarpa's fascia 


Pubic symphysis 


Urogenital diaphragm 


Buck's fascia 


Co lies’ fascia 



FIGURE 9 - 19. Lateral view of male perineum. 


Sperm Cells 

A sperm cell (see Figure ^-22) is composed of a head winch includes the 
nucleus and acrosome, a middle piece, and a tail The front part nl the head 
contains the acrosomc, a structure derived from the Golgi apparatus that con¬ 
tains enzymes to digest the extracellular matrix (KCM) and zona pdlucida 
of the egg. The postaerosomal region contains a haploid nucleus. The sperm 
cell membrane in this region also contains receptors for the egg. The spiral 


Superficial dorsal vain 



Urethra 


Dorsal 

Corpus cavemosum 


Skin 


Superficial 

fascia 


Areolar 

tissue 


Deep 

fascia 


Deep dorsal vein 


Tunica albuginea 


Cavernous 

artery 


Corpus 

spongiosum 


CLINICAL 

CORRELATION 


Testicular torsion involves twisting 
of the spermatic cord around itself 
so as to pinch off the Wood supply 
to the testicle. This is a medical 
emergency: decreased btood 
flow can result in severe parn and 
necrosis of the testicular tissue 
unless blood llow is restored 



CLINICAL 
t CORRELATION 


If the processus vaginalis testis (the 
letal structure that gives rise to the 
tunica vaginalis) remains patent, The 
newborn male baby may develop an 

Indirect inguinal hernia into the 
scrotum. 

By contrast, a direct inguinal 
hernia, which does not enter the 
scrotum, results from the eventual 
Weakening of the posterior wall of 
the inguinal canal. 


figure 9 - 20 . Cross-section of the penis. 
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Oartos 

External spar malic fascia 
Cremasteric muscle 
Internal spermatic fascia 



FIGURE 9-21. Layers of tissue within the scrotum, i Modified, with permission, from 
Rnmuanli FC, Andersen DK, Rilliar TR, el ;»1. Schwartz's Principles tif Surgery. Kth etl F New 
York: McCraw-l Ml; 2005: 1522.) 


r mm 


CORRELATION 


Mitochondria from the sperm are 
not included in the conceplus; thus, 
mrtodiondria-inherited disorders (eg, 
Leber's hereditary optic neuropathy 
and Leigh's syndrome) are passed 
from the mother. 



KEY FACT 


The prostatic tissue itself is strongly 
controlled by DHT. Normal, age- 
related increases in estradiol may 
lead to increased density of DHI 
receptors and subsequent growth of 
the prostate (RPH). 


midpiece consists of fused mitochondria that use fructose to generate adenos¬ 
ine triphosphate (ATP) to move the 9+2 axoneme in the proximal portion of 
tlie tail. The sliding of the microtubules generates flic whip-like motive force 
characteristic of sperm cells. 

Prostate 

About the size and shape of a walnut, the prostate stores and secretes a clear, 
alkaline fluid found in semen. Located at a major anatomic hub with the 
seminal vesicles and vas deferens, this fluid from the prostate is mixed with 
seminal fluid and spermatozoa. The ejaculatory ducts, which are located in 
flic middle lobe and lined with transitional epithelium, arc found posterior 
to the urethra. Smooth muscle within the prostate helps expel semen during 
ejaculation. 

Though the gross anatomy of the prostate can described by lobes (see Figure 
9-23), the more common approach is by pathologic zones (see Figure 9-24). 
table 9-5 lists the approximate equivalencies between the two classification 
systems. 


table 9 - 4, Spermatic cord derivatives of abdominal layers 


jninniniMiiwmitinim«wmiimmiMwipmim»g«ii*i*tm<niiirttuim 

Derivative m Spermatic 

Abdominal Structure 

Cord 

External oblique musde aponeurosis 

External spermatic fascia 

Internal oblique musde 

Cremaster musde 

Transversal is fascia 

Internal spermatic fascia 

Extra peritoneal fatty tissue 

Areolar tissue 

Peritoneum 

Processus vaginalis 
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5 pm 


End piece 


Nucleus 



figure 9 * 22 . Sperm anatomy. (Modified, with permission, from JnnquciruLG, Cnniciro). Busic Htstofagy, lOlh cd New York: 
McGraw41ilU2Q<R) 



FIGURE 9-23. Prostatk lobes. 



figure 9*24. Prostatk (glandular) zones* 


























table 9 - 5* Anatomic Lobes and Pathologic Zones of the Prostate 


Anatomic Lobe 

Pathologic Zone 

Other Structures 

Anterior lobe (isthmus) 

Transitional zone (T2) 

Proximal urethra 

Posterior fobe 

Peripheral zone (P2) 

Distal urethra 

Middle lobe (median lobe) 

Central zone (CZ) 

Ejaculatory ducts 

Lateral lobe 

irtrtnHiiLUMrntii«tiiMr»u»tiiiilttU»M<>iiwiiiiwili^p(,h life* 

All zones 





CLINICAL 

CORRELATION 


The stroma, which accounts for 5% of the weight of the prostate, contains no 
glands—only muscle arid fibrous tissue* 


BPH compresses the estrogen- 
sensitive ceils of the periurethral 
zone (lateral and middle lobes), 
resulting in urinary symptoms. 
Prostatic adenocarcinoma affects 
the androgen-sensitive cells of 
the peripheral zone, allowing easy 
metastasis to the spine via Batson's 
plexus. 



FLASH BACK 


Remember: The ureters pass under 
(inferior to) the uterine arteries— 
“water under the bridge*” 


FEMALE REPRODUCTIVE SYSTEM 


lire female reproductive organs and accessory structures arc illustrated in 
figure 9-25* In situ, the uterus is usually auteverted ( lilted forward), with its 
ant CTO-inferior face resting against the bladder* As such, it is the posterior side 
of the uterus that is visualized when looking dow n at the pelvic floor 

Once released by the ovary, ova are caught by the fimbriae of the fallopian 
(uterine) tube and travel toward the uterus* The fallopian tubes* also known as 
the oviducts or salpinges, contain four sections: the infundibulum, ampulla, 
isthmus, and interstihum (see Table 9-6), 

The ovaries, fallopian tubes, and uterus are held in place by several ligaments 
(see Figure 9-26): 

Suspensory ligaments: Contain the ovarian vessels* 

Ovarian ligaments: Run within the broad ligaments and attach the ovaries 
to the uterus. 

Round ligaments: Do not contain any important structures, but help 
maintain anteversion of the uterus. 



Ovarian artery 


Fimtorii 


Uterine tube Ligament of the ovary 
Fundus 


Broad ligament 


Ureter Cervix 

Os Vagina 


Endometrium 

Myometrium 

Uterine artery 


Fornix 



Ovary 


Rectum 


Uterine lube 

Uterus 


Labia minora 
Labia majora 


FIGURE 9-25* Posterior and lateral views of female reproductive system, hi the left image, the ureter runs perpendicular U> (lie 
plane of the page (the broad ligament)* 
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table 9 * 6 . Segments of the Fallopian Tubes 

m{UJ)]|li^'wm|iiiHAUiti||itritiiUI!aifiniir!illUilin[UtfifQiijiiiiTtffiJiuulirnilhiniaiitiiiiii!r.. r xiJl]iniltrfflHi:rHm)llli <(iiiii!riTin^j!illimiti 


Segment 

Features 

Cross-Section 

infundibulum 

Contains fimbriae* 

Widest in diameter. 

Ampulla 

Usual site of fertilization. 

Elaborate folds of mucosa with a thin 

muscularis externa and serosa* 

Isthmus 


Narrowest diameter; less mucosa and more 
muscle and serosa than the ampulla. 

tnterstilium 

Connects to the inside 

wall of the uterus. 

Similar in overall diameter to the ampulla, 
but with a small mucosal opening and very 


thick muscularis externa. 


Broad ligament; Contains ihe round ligaments of the uterus, the fallopian 
tubes, the ovaries, and the ovarian ligaments* 

Transverse cervical (cardinal) ligaments: Contain the uterine vessels* 
Utcrosacral ligaments: Conned the uterine cervix to the sacrum, helping 
to support the uterus and keep it in place. 

The pelvic fascia arc labeled in Figure 9-27. As in the male, the female uro¬ 
genital diaphragm is bordered by superior and inferior fascia* Colies fascia is 
continuous with the posterior aspect of Ihe inferior fascia* 

Ova 

The female sex cell, the ovum, is a spherical structure produced within graa¬ 
fian follicles in the ovary* The outermost layer, the corona radiata, is two io 
three cells thick and is derived from the granulosa cells on the inner portion of 
the ovarian follicle. Deep to the corona radiata is the zona pellucida (striata), 
a glycoprotein layer that binds to invading sperm cells and allows the acrosotnc 
reaction to occur. Deeper still is the peri vitelline space, which contains both 
ihe mature oocyte and, after fertilization, Ihe second polar body. 1 he mature 
oocyte possesses a cell membrane, copious cytoplasm, and a haploid nucleus* 




Deep Inguinal ring 


Bladder 


Uterus 


Ovarian 
ligament 

Mesosalpinx 
(of broad 
ligament) 

Utorosacral 

ligament 

Pararectal 


Sigmoid colon 

Abdominal aorta 


Round ligament 
of the uterus 


Broad ligament 


Bladder (cut) 
Obturator canal 


Ureter 


Ulerus (cut), 
cervix 

Transverse 
ligament (cut) 

External iliac 
vein 

External iliac - 

Suspensory ligament arter V 
of the ovary 


Ureter 


Superior fascia of 
pelvic diaphragm 

Uterine 


Sacral promontory 


FIGURE 9 - 26 . Superior view of the ligaments of the uterus and ovaries in situ, 1 tie right image, with the peritoneum and uterus 
removed, more clearly shows the course of the ureter* uterine vessels, and transverse cervical ligaments. 




























Rectus sheath 


Endopelvic fascia 



Tela subculanea 
Scarpa's deep fascia 
Camper's superficial fascia 

Pubic 


Fascia of bulbocavemoeua and 
ischiocavernosus muscles Fascia diaphragmalis urogenitalis 

inferior (Cones’ fascia) 


Fascia of levator ant 


Urogenital diaphragm 


figure 9-27* Lateral view of the female perineum. (Modified, with permission* from Benson RC: Handbook of Obstetrics C Gyftt?- 
ro/fti’V. Sih ed Smith Norwalk, C l Appleton A Lmijc. I9S>. ( The McCravv-Hilf Companies.) 


1 KEY FACT 


Sir Astley Paston Cooper has several 
ligamentous epanyms. Whereas 
Cooper's ligaments (plural) refer 
to those in the breast, Cooper's 
ligament (singular) can indicate 
either the pectineal ligament in the 
inguinal region or the transverse 
ligament of the elbow. 



KEY FACT 


Lymph node involvement is an 
intermediate step between focal and 
widespread breast carcinoma. This 
is why sentinel lymph node biopsies 
are important in evaluating TISfM 
staging. 


liS 

CLINICAL | 

Lit 

CORRELATION | 


Breast cancer in situ: Ductal 
carcinoma in situ (DCIS) tends to 
occur ipsilateralty, whereas lobular 
carcinoma in situ (LCIS) has a 
greater chance of aflecl ing both 
breasts. 


The Breasts 

Breast tissue* a composite of connective tissue (collagen and elastin), adipose 
tissue, and glands, changes over time and secondary to hormonal influences. 
At puberty, the breasts increase in size and softness as the mammary glands 
develop and more fat is deposited, After the birth of a child, the number of 
glands roughly doubles, allowing for the secretion of milk. Overproduction o! 
estrogen, either during menstruation or at the beginning of menopause, can 
make the breast tissue more tender* The consistency of the breast tissue itself 
also varies during this period. With time, Coopers ligaments, or the suspen¬ 
sory' ligaments of the breast, weaken. 

A normal breast (see Figure 9-28) possesses a nipple surrounded by the are¬ 
ola, a pigmented section of skin containing sebaceous glands. The mammary 



Chesi wan 
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FIGURE 9’2S. Lateral view of the female breast. 
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TABLE 9-7* 

Principal Nerves and Vessels of the Breast 

Nerves 

Anterior and lateral cutaneous branches of thoracic intercostal nerves T3-T5* 

Arteries 

internal thoracic (internal mammary) artery, lateral thoracic artery, 
thoracodorsal artery, thoracoacromial artery. 

Veins 

m 'mini liMH 

Axillary vein, internal thoracic vein, intercostal vein. 

iirmtmMU mwiintWHBi mnttimt»;niriT*in naMi»rrrrrmnmn»i 


glands within the breast tissue connect to the nipple via lactiferous duels. 
The breast itself sits atop the peetoralis major muscle, spanning from approx¬ 
imately the second to the sixth rib, though a thin layer of man unary tissue 
reaches several ribs above and below. ! lie "tail of Spence” extends diagonal l\ 
from the superior lateral quadrant to the axilla. 

The majority of the lymph from the breast drains to the ipsilateral axillary 
lymph nodes* 'The parasternal, abdominal, and contralateral axillary lymph 
nodes may also he involved. 

The nipples in both men and women are highly sensitive arid highly vascu¬ 
lar* Table 9-7 and Figure 9-29 review the important nerves and vessels in the 
breast* 



Human sexual reproduction is dependent on many factors, but formation 
of healthy gametes is probably the most important Though the synchronic- 
ih- and location of spermatogenesis and oogenesis differ, the cells go through 
nearly analogous stages (as suggested by their suffixes). Table 9-8 reviews these 
stages, 



KEY FACT 


The dermatome at the level of the 
nipple is 14. 




FLASH BACK 


Ploidy = number of homologous 
sets of chromosomes {i.e., 
diploid indicates input from both 
parents, whereas haploid indicates 
contribution by only one), 


Chromatid = one-half of a replicated 
chromosome. 



figure 9-19. Selected vessels in the female breast (Modified, with permission, from 
IX'Cluanev At I. Nullum L, Cumwf Ohstdric Or ilvnecologic Diamnmh CrTmiimcitf. IfJtli cd. 
New York McGrawd fill: 2007: UftX) 
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TABLE 9 - 0 , Overview of Gametogenesis in Males and Females 


Chromosomes 

Cell Type (Singular Form) 

Chromatids 

Diploid (36) 

Spermatogonium/oogonium 

2N 


Primary spermatocyte/primary oocyte 

4N 

Haploid (23) 

Secondary spermatocyte/secondary oocyte 

2N 


Spermatrd/ootid 

N 


5p e rm a to z oon/o vu m 



■mm — i— 


SPERMATOGENESIS 


Spermatogenesis, which occurs in the seminiferous tubules of the testes* is 
a simple stepwise process of mitosis and two rounds of meiosis (see f igure 
9-30)* II is important to note two things: (i) Some spermatogonia undergo 
mitosis (replication) but do not advance further* thus maintaining a constant 
supply of cells for spermatogenesis* and lii) dividing sperm cells remain con¬ 
nected by threads of cytoplasm so they develop at the same time (see Figure 
9-31). Upon release from Sertoli's cells, mature but uonmotile spermatozoa 
move from I he lumen of the seminiferous tubules to the epididymis where 
they become motile. However, it is muscle contraction in the male reproduc¬ 
tive tract rather than flagellar movement that moves the sperm cells prior to 
ejaculation. 



figure 9 - 30 . Spermatogenesis. 
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compartment compartment 
figure 9*31. Cells of the seminiferous tubules. 


Sertoli’s cells nuikc numerous contributions to developing sperm cells, 
including: 

The blood-testis barrier, wiiich blocks penetration by cytotoxic agents. 
Secretion of substances that aid in meiosis. 

Phagocytosis of residual cytoplasm left over following spermtogencsis. 
Secretion of other factors, including androgen-binding protein (ABP), 
inhibit!, giant cell line-derived neutrophilic factor (GDNF). and estradiol. 


I 


KEY FACT 


Sertoli's cells are supporting nurse 
cells* 

Leydig's cells are steroidogenic 
interstitial celts. 


Leydig’s cells can also produce estradiol* although they mainly produce 
testosterone. 

The effects of follicle-stimulating hormone (FSH) and luteinizing hormone 
(Id I) on Sertoli sand Leydigs cells are illustrated in Figure 9-32. 

Spermatogenesis begins at puberty and continues until death, although the 
quantity and quality of the sperm cells wane somewhat in the later years as 
plasma testosterone levels fall. 



FLASH BACK 


Steroid hormones are not stored in 
cells; their level in the bloodstream 
is dependent on their rate of 
synthesis. 


OOGENESIS 


CLINICAL 

CORRELATION 


Oogenesis occurs in the ovarian follicle of the ovary without the aid of cen- 
trosomes. ll is analogous to spermatogenesis, allhough the timing is different: 

Gocytogenesis is completed in the perinatal period, thus providing a new- 
horn female with all the oocytes she will ever have (-7 x ll/ 1 ). 

Primary oocytes are arrested in prophasc I until ovulation. This period is 
called dictyale or dictyotene* 

Secondary oocytes are arrested in metaphase 11 until fertilization. 

The ootid cell type appears within minutes of fertilization and quickly 
becomes an ovum before parental and maternal pronuclei combine and a 
zygote is formed. 


Recent research lias suggested 
that germline stem cells may help 
renew ovarian follicles, a claim that 
challenges the current dogma that 
a linite number of oocytes exist at 
birth. 



KEY FACT 

1 _ 


Also in contrast to spermatogenesis, 1 lie effort in oogenesis is concentrated on 
one cell. The two polar bodies degenerate (see Figure 9-33), 

Until ovulation (and possible subsequent fertilization) occurs, maturation of 
the oocyte takes place within an ovarian follicle (see Figure 9-34). 


Upon fertilization, meiosis 11 is 
completed, allowing the secondary 
oocyte to become a haploid ootid/ 
ovum and avoiding multiploidy. 
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FLASH BACK 


Breast budding (theiarche) and 
growth of pubic hair are the first 
signs of a girl's entry into puberty. 
Physicians monitor these changes 
using Tanner staging. 


PRODUCTS 

FUNCTIONS OF PRODUCTION 

Androgen-binding 
protein (ABP) 

Ensures that testosterone in seminiferous 
lubule is high. 

tnhibin 

Inhibits FSH. 

Testosterone 

Differentiates male genitalia, has 
anabolic effects on protein metabolism, 
maintains ga metagenesis, maintains libido, 
inhibits GnRH. and fuses epiphyseal plates 
in bone. 


FSH 

-► Sertoli cells — 

-► Sperm production 

A 

LH 

-► Leydig cells — 

-Testosterone 


figure 9-32. Hormonal regulation of spermatogenesis. FSH = follicle-stimulating hor¬ 
mone; GnRH = gonadotropin-releasing hormone; Ml - luteinizing hormone. 


MENSTRUAL CYCLE AND OVULATION 



KEY FACT 

t_ 


Form follows function: Granulosa 
cells line the interior of the follicle, 
and theca celts form the outer 
border 


Menarchc, or a woman's first menstrual period, occurs, on average, at 12.? 
years of age in American girls. It precedes regular ovulation from several 
months to up to a year Figure 9-35 illustrates flic timing of this and other 
pubertal events. 

Granulosa cells, the female analogue of Sertoli s cells, also respond !o FS11 
and encourage growth of i 5-20 follicles. Lll-responsivc theca cells stimulate 
grow th of the corpus luteum and produce androgens, which can be converted 
to estrogen by the granulosa cells. 
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figure 9-33, Oogenesis and fertilization. 
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figure 9-34. Follicular development in situ, (Reproduced, with permission . from Kasper 
l)L ftniimYVuUI K, Kind AS, d al, Ihtrrh sou's Principles-of Internal Mvdivmv, 16th ed. New 
York: MtCrawdliMfltff: 21990 
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Male growth spurt 
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KEY FACT 


Growth of penis MSIM 
Breast development 


In the follicular phase, estrogen 
provides positive feedback to the 
hypothalamus and anterior pituitary. 
In the luteal phase, estrogen and 
progesterone inhibit gonadotropin 
secretion. 


8 


Pubic hair HHBEH 



Age (yrs) 


“I--I 

15 16 


FIGURE §-35. Comparison of pubertal events in an average American boy and girl. 



KEY FACT 

i_ 


A rise in progesterone level indicates 
recent ovulation. 


Kstrogen encourages growth of the endometrium and provides positive feed¬ 
back to the anterior pituitary to stimulate the release of more KSII and 1.11 
i see Figure 9-36), leading lo flic mid cycle gonadotropin surge. (Androgens, 
however, inhibit GnRH and gonadotropin secretion by negative feedback.) 


MNEMONIC 


Progesterone prepares for and 
maintains pregnancy. 


Approximately I week before ovulation, one of the developing follicles 
becomes dominant, or more sensitive to FSH. This follicle secretes inhibin, 
blocking the production of LSII from the anterior pituitary and thus causing 
the other follicles to undergo atresia. In anticipation of a pre-ovulatory rise in 
estrogen levels from the FSIl-indepcudent dominant follicle, granulosa cells 
express both KS11 and LH receptors, and theca cells increase their expression 
of IJ 1 receptors. An LI 1 surge results in ovulation. 



figure 9-36. Female hormonal axis (follicular phase). TSII - follicle-sHinuLitint; haniumc; Gsillli - gomidatropiii-rdvimui; hor¬ 
mone; LH = luvtmUiug honuoitc. 
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FIGURE 9-37. Endometrial and hormonal changes in a menstrual cycle, FS) 1 = follicle- 
sLimukiting hormone; LH - lutdoizing lion nunc. 



CLINICAL 
t CORRELATION 


hCG Is used to detect pregnancy 
because it appears in the urine B 
days after successful fertilization. 


If fertilization occurs, the extra-embryonic trophoblasls produce human 
chorionic gonadotropin (hCG). This hormone acts like LH and causes 
the corpus liileum to secrete progesterone* stimulating further growth of the 
endometrium. 

If fertilization does not occur (see Figure 9-37), the corpus luteum soon 
degenerates into a mass of scar tissue called the corpus albicans* Conse¬ 
quently, estrogen and progesterone levels drop, and the functional portion of 
the endometrium is shed via menstruation. The whole process of follicular 
recruitment through menstruation takes approximate!} 28 days* 

Figure 9-38 shows fhe variation of FSI I and LH levels willi age. 'These hvo 
hormones normally stimulate production of estrogen, hut after menopause, 
estrogen levels drop, despite continuing high levels of FSl 1 and LI I. A wom¬ 
an’s lifetime estrogen exposure is an important rLk factor for the development 
of breast cancer* Increased estrogen exposure is associated with early menar- 
die* late menopause* nulliparity, and not breast-feeding. 


n CLINICAL 
W CORRELATION 


Insulin stimulates the ovaries to 
produce estrogen. Consequently 
diabetics may have a greater risk 
of breast cancer and endometrial 
carcinoma* 



FLASH BACK 


A female fetus has high levels of 
F5H and LH during the second 
trimester, owing to development of 
the genitalia. 




























The zona fasciculate and zona 
reticularis work together. Since the 
zona reticularis is not fully functional 
for several years alter birth, the zona 
fasciculata ends up working harder, 
becoming the thickest layer in the 
adrenal cortex. 


figure 9-38, Plasma gonadotropin levels throughout a woman's lifetime. FSH 

follicle-stimulating hormone; LI I =■ lutdnmng hormone. (Modified, with permission, from 
Kasper DL. Hrimnwald E t Fauci AS, et ah Harmons Principles of Internal Medicine, 16th ed, 
New Vork: NIcGraw-11ill; ZOOS,) 


GONADAL STEROIDS 



KEY FACT 


Testosterone and androstenedione 
are converted to estrogen in adipose 
tissue by the enzyme aiomatase 


Steroid hormones, which arc derived from cholesterol (see Figure 9-39), can 
be organized into five groups: ininera]ocorticoids, glucocorticoids, androgens, 
estrogens, and progestagens. The latter three groups are vital for normal geni¬ 
tal development, and later, fertility, Their functions are reviewed in Table 9-9. 
Dchydroepiandrosterone (DHEA), a weak androgen, and androstenedione 
arc both produced in the adrenal gland (zona reticularis) and the gonads. By 
comparison, the stronger androgens and estrogens (e.g., DHT and estradiol) 
are primarily produced in the gonads. 



CLINICAL 

CORRELATION 


Like hyperinsuiinemia, obesity 
can increase the risk of breast 
cancer. Adipocytes allow peripheral 
conversion of androstenedione to 
estrogen. 
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FIGURE 9-39. Organization of steroid hormone synthesis. Dihydrotesfostcrone (DHT) is 
produced by peripheral conversion, Estradiol can be made directly m the gonads or by periph¬ 
eral conversion as well. 





























































TABLE 9- 9. Androgens, Estrogens, and Progestagens 
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Androgens 

Source 

Testis (DHT and testosterone), adrenal glands (androstenedione). 

Biological 

DHT > testosterone > androstenedione. 

potency 


Targets 

Skin, prostate, seminal vesicles, epididymis, fiver, muscle, brain. 

Function 

1. Differentiation of the Wolffian duct system into internal gonadal 


structures, 

2. Secondary sexual characteristics and growth spurt during puberty. 

3. Required for norm a I spe rm atogenes i s. 

4 . Anabolic effects (increased muscle size, increased RBC production), 

5. Increased libido. 

immutiii imm pw imnwaiH)iB>»mii»i m mritmutHinmawi d mu 

Estrogens 



KEY FACT 

1_ 


Progesterone is the only naturally- 
occurring human progestagen. 
Progestins are synthetic 
progestagens used for hormonal 
contraception. 




MNEMONIC 


PRiSA/l; Progestagens cause 
Relaxation of Smooth Muscle, 
which accounts for vasodilation and 
decreased myometrial excitability 
and 01 motility. 


Source Ovary (estradiol), placenta (estriol), adipose (arorealization). 


Biological Estradiol > estrone > estriol. 
potency 


Function 


1. Growth of follicles. 

2. Endometrial proliferation. 

3. Development of genitalia. 

4. Stromal development of the breast, 

5. Female fat distribution. 

6. Hepatic synthesis of carrier proteins. 

7 . Feedback inhibition of FSH. 

8. LH surge (estrogen feedback on LH and FSH secretion switches from 
negative to positive just before the LH surge). 

9. Increased myometrial excitability. 

1 o. Increased HDl, decreased LDL. 
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Progestagens 


Source Corpus lute urn, placenta. 


Function 


1. Stimulation of endometrial glandular secretions and spiral artery 
development. 

2. Uterine smooth muscle relaxation, 

3. Decreased myometrial excitability. 

4. Maintenance of pregnancy. 

5. Production of thick cervical mucus, which inhibits sperm entry into the 
uterus, 

6. Increased body temperature. 

7. Positive and negative regulation of gonadotropins (LH, FSH), 

nUiimntilHirifnfi itinwjufimw frvmiui i utmtn i utmt 






























KEY FACT 


SEXUAL RESPONSE 


The parasympathetics stimulate the 
release of nitric oxide (NO), which, 
via cyclic guanosine monophosphate 
(cGMP) in vascular smooth muscle, 
closes Ca 3+ channels. The arterial 
smooth muscle relaxes, and the 
erectile tissue fills with blood 



CLINICAL 

CORRELATION 


Sildenafil, a pharmacologic agent 
used to treat erectile dysfunction, 
acts by competitively inhibiting 
phosphodiesterase 5 (POES), an 
enzyme that degrades cGMP, 




MNEMONIC 


Point and Shoot 


Parasympathetic 

Sympathetic 



CLINICAL 

CORRELATION 


Fraternal (dizygotic) Mins result 
when two eggs are released and 
fertilized Identical (monozygotic) 
twins result when one fertilized 
egg divides and develops into two 
embryos. 


The trajectory of sexual interaction in both men and women consists of four 
phases: desire, excitation, orgasm, and resolution. Men experience increased 
blood flow into and decreased venous return out of the cavernous spaces of 
the penis, yielding an erection. Women, too, experience similar changes in 
blood flow to the clitoris and vestibular bulbs. This is all mediated by the pel* 
vie splanchnic nerves (parasympathetics, S2-S4). 

In men, orgasm consists of two sub-steps: seminal emission and antegrade 
ejaculation. The sympathetic nervous system (T10-L2) controls closure of 
the bladder neck, contraction of the seminal vesicle, and deposition of semen 
in the posterior urethra- The somatic and visceral pudendal nerves (S2-S4) 
then stimulate rhythmic contraction of the isehiocavcrnosus and bulbocavcr- 
nosus muscles, allowing ejaculation. Continued sympathetic stimulation ends 
the erection (dehimescence) by inducing vasoconstriction of the arteries. 

In women, orgasm involves “tenting” of the vagina (relaxation of the vagi¬ 
nal muscularis) and contractions of the pelvic diaphragm and uterus. Dctu¬ 
mescence of the chloral and vestibular erectile tissue is slower, which allows 
women to experience multiple orgasms. 


FERTILIZATION 


Successful fertilization depends on four sequential steps: 

Gamete delivery. 

Binding of the sperm. 

Activation of the egg. 

Fusion. 

Ovulation occurs within 24-48 hours of the mid-cycle surge of LH. Usually, 
only one egg is released, entering the fallopian tube via ciliary action. The 
egg can survive only 24 hours in the female tract, so fertilization must occur 
around the time of ovulation. 

By comparison, sperm can survive in the female tract for up to 5 days. In their 
journey to the fallopian tubes, they arc aided by an estrogen-induced watery 
uterine mucus and peristaltic uterine contractions. Before being able to fertil¬ 
ize the egg, sperm must be capacitated in the female tract—a set of changes 
that alter membrane fluidity, membrane potential, and even movement of the 
tail. 

Fertilization lakes place in the fallopian tube. Capacitated sperm penetrate 
the corona radiata and bind to the zona pcllucida. This species-specific inter¬ 
action triggers the acrosome reaction and allows the entire sperm cell to bur¬ 
row deeper into the egg. 

The unfertilized egg is metaboHeally quiescent After fusing with the sperm 
cell, the egg undergoes a signal transduction cascade that stimulates the egg 
lo complete meiosis and releases cortical granules to prevent polyspermy (see 
Figure 9-40), Sperm already bound to the zona pellucida are removed, and 
new ones arc prevented from binding. This is termed the "slow block” to 
polyspermy. 

The eggs cytoplasm causes the sperm nucleus to dccondemc and form the 
male pronucleus. The mitochondria and tail disintegrate, hut the sperm cell 
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figure g-4o. Penetration of a sperm cell into the ovum. The second polar body only appears after fertilization lakes place* 


contributes a ccutriole for cell division, 4 lie male and female eentrioles orga¬ 
nize an aster, allowing I he two pro nuclei to slowly come together over the 
course of 12 hours. During this time, ON A replication occurs* Thus, when 
the male and female pronuclei finally fuse, the zygote can undergo mitosis to 
form two diploid cells* 

While undergoing cell division, the zygote travels down the oviduct to I he 
uterus, where it implants 5 days alter fertilization* 



KEY FACT 

1 _ 


Fertilization of a single egg with 
multiple sperm would result in 
aneuploidy, not multiple, viable 
zygotes. 


At best, the probability of fertilization is 35%, and only Iwo-lhird of fertilized 
eggs develop successfully. Thus, the probability of a successful pregnancy is 
about 25%. 


PREGNANCY 


Designed to optimize Ihe welfare of the fetus, numerous metabolic and physi¬ 
cal changes occur in the mothers body during pregnancy. 


CLINICAL 

CORRELATION 


Ectopic pregnancies occur when 
the egg implants somewhere other 
lhan the uterus. Implantation in 
the fallopian tube can lead to tubal 
rupture. 


Osmoregulation 

Pregnancy is a stale of chronic volume overload and has many features similar 
to those of congestive heart failure, including edema and polyuria. The fetus, 
placenta, and amniotic fluid contribute about half of the (> to S-L increase in 
total body water. As Figure 9-4] illustrates, various factors favor Na~ excretion 
or retention. Despite net Na + retention, serum levels (and plasma osmolality) 
actually decrease due to dilution* Similarly, hci nodi hit ion causes physiologic 
anemia and compensator)* increased cardiac output. 


Urinary System 

Positioning of the fetus can lead lo decreased bladder capacity and increased 
urinary frequency and incontinence. An additional effect of progesterone- 
mediated smooth muscle relaxation is dilation of the ureters. Secondary to 
fluid overload, the renal pdvcs/calyccs also dilate, literally opening the kidneys 
up to infection* Volume overload dilutes the serum levels of blood urea nitro¬ 
gen (HUN), creatinine, and uric acid, and increases the effective renal plasma 
flow and glomerular filtration rate (GFR), The renal tubular absorptive capac- 












770 


CHAPTER 9 


REPRODUCTIVE 




Sodium excretion 
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Progesterone 
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Sodium retention 
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Body position 



figure s -4 k Factors for Na+ retention and excretion. AN? = atrial natriuretic peptide; 
GFR - glomerular filtration rate. 


ily is surpassed, which may result in glycosuria (but not proteinuria). Simi¬ 
larly, small amounts of blood may also appear in I he urine. 



FLASH BACK 


Remember: 

CO = SV x HR 
BP = CO x SVR 


KEY FACT 


Cardiovascular System 

Increased heart rale (HR) and stroke volume (SV) result in a 30%-5O % 
increase in cardiac output (CO). Nonetheless, blood pressure (BP) actually 
decreases secondary to progesterone acting on smooth muscle to decrease sys¬ 
temic vascular resistance (SVR). By the third trimester, BP returns to baseline. 
A low-grade systolic 11 ow murmur and mild left ventricular hypertrophy arc 
other normal physiologic changes seen during pregnancy. 

Though the mothers blood volume increases about 50%. plasma expands at a 
faster rate than RBC mass, hastening the development of physiologic anemia. 
Platelet count may also progressively decline (gestational thrombocytopenia). 
Nonetheless, due to increased fibrinogen, decreased protein and increased 
venous stasis in the legs, the mother is actually in a hypereoagulablc state. 


The mother's respiratory rate (RR) 
generally remains unchanged; she 
hyperventilates without becoming 
tachypneic. 



FLASH BACK 


Remember: MV = TV x RR 


Respiratory System 

Pregnancy results in elevation of the diaphragm, which decreases the resid¬ 
ual volume. The total lung capacity (TLC) decreases only slightly, however. 
The net effect is decreased residual volume but increased inspiratory capacity. 
Notably, on spirometry testing, forced vital capacity (KVC) and forced expira¬ 
tory volume in I second (FEV t ) f are unchanged. 

These changes have no effect on respiratory muscle function itself. The tidal 
volume fIV) actually increases to allow for increased minute ventilation 
(MV) and chronic hyperventilation. Hyperventilation leads to decreased par¬ 
tial CCXpressure, leading to chronic (mild) respiratory alkalosis and coni pen- 


















satorv metabolic acidosis, which facilitate fetal off-loading of acidic wastes and 
CO ; ' 

On the negative side, estrogen can induce hyperemia and edema in the upper 
respiratory tract, which can lead to nasal stuffiness and cpistaxis. Decreased 
pulmonary vascular resistance (PVR) and oncotic pressure can also lead to 
pulmonary' edema. 

Digestive System 

Most changes to the digestive system are side effects of hemodilution and pro¬ 
gesterone. Albumin and total protein levels appear decreased due to volume 
overload. Nonetheless, the body’s new set-point favors Na + and water resorp¬ 
tion in the large intestine. Progesterone reduces small bowel motility, further 
leading to constipation. Progesterone also delays gallbladder emptying, allow¬ 
ing for cholesterol saturation and the formation of gallstones. Smooth muscle 
relaxation of the lower esophageal sphincter leads to gastroesophageal reflux 
disease (GERD) and nausea. Lastly, portal hypertension, spider angiomas, 
and palmar erythema can mimic liver disease. 

Endocrine System 

Human placental lactogen (hPL) induces maternal insulin resistance to 
ensure continued transport of nutrients from mother to fetus. This leads to 
fasting hypoglycemia and postprandial hyperglycemia in the mother, in other 
words, glucose intolerance. With the body's response to insulin numbed, pan¬ 
creatic fi cell hypertrophy results in hyperinsulinemia and an increased risk 
of gestational diabetes. 

Triglycerides (TGs), high- and low-density lipoprotein (HDLs and LDLs), 
and total cholesterol levels all increase during pregnancy, as they are neces¬ 
sary precursors for steroidogenesis in the maternal adrenal glands. Progester¬ 
one, a cortisol antagonist, prevents cushing-like effects that might otherwise 
be caused by increased adrenal function and delayed plasma clearance of 
cortisol. 

Effects on the pituitary and thyroid are more subtle. Despite negative feed¬ 
back by estradiol and progesterone (which decrease l 7 SH and 1.11), the pitu¬ 
itary gland enlarges and increases its secretion of prolactin. Despite hCC 
mimicking the activity of thyroid stimulating hormone (TSH) in the first 
trimester and possible abnormal thyroid function tests, the mother remains 
euthyroid throughout the pregnancy. In other words, estrogen causes an 
increase in thyroglobulin (TGB) but free triiodothyronine (T-j and thyroxine 
(T^) levels remain relatively normal. 

Estrogens 

Mechanism 

Suppresses ovulation, reduces L.DL. raises HDl,. 

Types 

Natural: Premarin-conjutted estrogens. 

Steroidal: Ethinyl estradiol and nicstranol. 

Nonsteroidal: Diethylstilbeslrof (DES). 

Uses 

Hormone replacement therapy IHRT) in patients without breast cancer his¬ 
tory; osteoporosis; birth control. 



FLASH BACK 


Do not confuse thyroglobulin (TGB) 
with thyroxine-binding globulin 
(TBG). 


CLINICAL 

CORREIAriON 


Insufficient thyroid hormone levels 
during pregnancy, resulting from 
either a poorly functioning thyroid 
gland or low dietary iodine, can lead 
to severe neurologic and muscular 
problems in the fetus. 
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Side Effects 

Nausea, weight gain, breast tenderness, thrombosis (predisposes to hypercoag- 
nlable state), endometrial hyperplasia, migraine, increased risk of endometrial 
cancer; Dl .S increases risk of clear cell vaginal adenocarcinoma in offspring. 

Other Estrogen-Related Drugs 

Clomiphene 

Mechanism 

Estrogen receptor antagonist in hypothalamus —> reduced negative feedback 
—* increased ovulation. 

Uses 

fertility. 

Side Effects 

Abdominal pain, breast tenderness, multiple births. 

Tamoxifen 

Mechanism 

Partial agonisl/anlagonist (selective estrogen receptor modulator [SKRM]) —» 
agonist in endometrial tissue, but antagonist in breast tissue. 

Uses 

11 R r r in patients with family history of breast cancer. 

Side Effects 

Thrombosis, endometrial cancer, endometriosis, hair/nail thinning. 

Raloxifene 

Mechanism 

Another SERM similar in action to tamoxifen, but also has antagonistic activ- 
ih in endometrium. 

Uses 

Breast cancer; safe to use in patients with history of endometrial cancer. 

Side Effects 

Hot flashes, sudden sweating/warmth, increased vaginal discharge, joint/ 
muscle pain, weight gain. 

Progestins 

Mechanism 

Stimulates endometrial sloughing, suppresses ovulation. 

Uses 

Used with estrogens for birth control (see ’liihle 9-10); stimulates appetite in 
cachectic patients, 

Sioe Effects 

Weight gain, hirsutism, acne, depression, decreased I IDE, increased LDL. 
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TABLE 9-10. Progestin-Related Drugs 
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Drug Mechanism of Actiqn/Uses 


Norplant Time-release strip, implanted SC; slowly releases levonorgestrel into the body; 
provides contraception for up to 5 y. 


R U -486 Progesti n ago n i st/a nta gon i st; use d i n e m e rgen cy p ostcoita I to ntra cepfio n. 


Androgen Inhibitors 

Cyproterone 

Mechanism 

Inhibits androgen activity in peripheral tissues. 

Uses 

Hirsutism. 

Side Effects 

Breast swelling, decreased libido; inability to have or keep an erection; excess 
milk flow from the breast. 


Flutamide 

Mechanism 

Competitively antagonizes the testosterone receptor. 

Uses 

Prostate cancer. 


Side Effects 

Hot flashes, diarrhea, nausea, gynecomastia, impotence. 


Finasteride 

Mechanism 

5 a-reductase inhibitor, decreases conversion of testosterone to DMT. 

Uses 

Benign prostatic hyperplasia; male pattern baldness. 

Side Effects 

Breast enlargemcnt/tenderncss, lip swelling, testicular pain. Cl distress {diar¬ 
rhea, abdominal pain). 

Immune System 

Changes to immune function during pregnancy are complex. Estrogen and 
cortisol cause a progressive rise in WBC count, mostly polymorphonuclear 
leukocytes. This preference for granulocytes over lymphocytes and monocytes 
favors humoral immunity over ccll-mcdiated immunity. Progesterone, on lire 
other hand, reduces the immune response, ostensibly to prevent rejection o( 
the "foreign" fetus. 


KEY FACT 


Only igG can cross the placenta. 


CLINICAL 
COR Ki t ATION 


Whereas some autoimmune 
diseases may improve during 
pregnancy, others may worsen 
or cause fetal complications. For 
example, though lupus flares are 
uncommon in pregnancy systemic 
lupus erythematosus (SLE) 
increases live risk of preedampsia, 
preterm birth, and fetal death. 


















CLINICAL 

CORRELATION 


If blood tests show an Rh-negative 
mother is carrying an Rh-positive 
fetus, she will be given anti-Rh 
factor (RHOgam) injections late in 
the pregnancy. Maternal anti-Rh 
factor antibodies do not affect the 
first Rh-positive fetus, but would 
put any future such pregnancies in 
jeopardy. 



FLASH BACK 


Remember: Screening tests (high 
sensitivity) are not designed to 
be diagnostic. However, a good 
screening test should lower the 
need for invasive diagnostic testing. 


CLINICAL 

CORRELATION 


hCG is also elevated in women 
with hydatidiform moJes or 
choriocarcinoma. 


9 


CLINICAL 

CORRELATION 


Failure of the placenta to properly 
implant in the uterine wall prevents 
dilation of the vessels, resulting in 
insufficient blood flow to the fetus 
and preedampsia (hypertension, 
edema, and proteinuria) in the 
mother. 


Skin and Bones 

To maintain her center of gravity', a pregnant woman experiences increased 
spinal lordosis. In anticipation of the birthing process, the woman’s pubic sym¬ 
physis also widens. Rclaxin. the peptide hormone responsible for this, causes 
relaxation of other ligaments as well. 

Increased levels of active vitamin D [1,25(011),] increase intestinal absorp¬ 
tion of Cir* so it can be transported across the placenta. Calcitonin keeps 
Ca- + resorption from becoming too overactive and attacking the maternal 
skeleton. Parathyroid hormone (PTH), on the other hand, is not particularly 
active because intestinal absorption keeps C;r + levels from falling too low. 
With all this, lire maternal serum ionized Ca- + and phosphate levels remain 
unchanged. 

Some of the most obvious changes during pregnancy occur in the skin. Estro¬ 
gen-induced angiogenesis accounts for facial flushing, and estrogen also plays 
a role in the tearing of collagen that leads to stretch marks. Separately, hyper- 
insulinemia may contribute to die linea nigra (a hvperpigmented band down 
the midline) and hirsutism. 

Table 9-11 reviews the key physiologic changes during pregnancy in these 
organ systems. 

Prenatal Testing 

Standard prenatal screening tests include routine blood work, urinalysis, and 
ultrasound examinations. Other tests may be offered based on the mother’s 
risk factors, such as age, race, and comorbidities. 

Maternal serum a-fetoprotcin (AFP) was one of the first screening tests devel¬ 
oped. High levels suggest an open neural tube defect such as cephalocele or 
spina bifida, while low levels suggest Down’s syndrome. The quad lest, which 
makes use of multiple markers (AFP, estriol, hCG, and inhibin-A) is even 
more accurate (low false-positive rate). 

Chorionic villus sampling (CVS) and amniocentesis arc two common means 
of testing for chromosomal abnormalities. They are compared in Table 9-12. 

The Placenta 

Trophoblasts, cells forming the outer layer of the blastocyst, are the hrst cells 
lo differentiate from the fertilized egg. They go on to develop into two lay¬ 
ers: tire inner evtotrophoblasts and outer syncytiotrophoblasts. The latter cells 
secrete hCG and attaeli to the uterine wall (endometrial stroma). 

In the second trimester, the placenta takes over production of estrogen and 
progesterone, causing the corpus luteum to degrade into a corpus albicans. 
In the third trimester, the placental \illi mature, promoting felal/maternal 
exchange of nutrients. 

The placenta is illustrated in Figure 9-42. Each gram of placenta can support 
7 grams of fetal tissue. 

Fetal Circulation 

The fetal circulatory system is different from that of the adult. It must both 
make use of the maternal blood supply via the placenta and avoid overperfusing 
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table 9-11. Maternal Adaptations to Pregnancy 


System 


Renal 


Pulmonary 


Parameter 


iitiiniintuuiimiiiimnMti i nmoMttnati hum'# i m*rnr«u i < 

Pattern 


’JiHtrmiuiiMa 


Increases 25-50% 


aiorr^fular 



Peripheral venous 


Rises rapidly by 20%, then gradually increases an 


distention 

Peripheral vascular 

resistance 

additional 10% by 26 weeks 

Progressive increase to term 

Progressive decrease to term 


Respiratory rate 

Unchanged 

<40 - 

Tidal volume 

Increases by 30-40% 

*30 - 

Expiratory reserve 

Gradual decrease 

-20* 

a, +10- 

Vital capacity 

Unchanged 

t 

Respiratory minute 

volume 

increases by 40% 

/ 10* 

-20-J 

-30 * 

*40- 



Blood 

Volume 

Increases by 50% in second trimester 

-00- 


Hematocrit 

Decreases slightly 

-50 * 


Fibrinogen 

Increases 

, 40 - 

1 +30- 


Electrolytes 

Unchanged 

t» 

* +10- 

0* 

-10- 

-20 - 



Gastrointestinal Sphincter tone Decreases 

Gastri c emp tyi n g t i m e I ncreases 



Weight 


Uterine weight 


Increases from about 60-70 g to about 900-1200 g 
Average 11-kg (25-lb) increase 


ntliJltiiffillimt) 


Body weight 

Modified, with permission, from Gardner DG, Shoback D, Greenspan's Basic and Clinical Endocrinology, 8th ed, New York: McGraw-Hill; 
2007: 648. 
























































table 9 - 12 , Diagnostic Testing for Chromosomal Abnormalities 



CVS 

niimiiiiniimiu>iiiiiiiinii*immwin>ini**iiimM»iMi 

Amniocentesis 

What is it? 

Biopsy of rapidly dividing cells 

Amniotic fluid retrieval of 


in the placenta. 

amniocytes. 

When can it be done? 

Early pregnancy (10-12 wks). 

Mid-pregnancy (15-19 wks). 


i?m 


Though ABO blood type 
incompatibility occurs in 
approximately 20% of pregnancies, 
only a minority of these cases result 
in hemolytic anemia. Nonetheless, 
ABO blood type incompatibility 
is the most common cause of 
neonatal jaundice in the developed 
world. 


I he lungs while no gas exchange is occurring there. The three fetnl shunts that 
allow this Id occur arc described in Tabic 9-13 and illustrated in Figure 9-43. 

Furthermore, fetal hemoglobin {HbF) is more concentrated in fetal blood 
and has a greater affinity for CF than docs materna! Hb. In other words, at am 
given partial oxygen pressure (Po,h HbF will have a greater CT saturation. 
I bis is possible because die y subunit of HbF bas a weaker positive charge 
than the adult p subunit, so 2 f 3-bisphosplioglyccratc (2,3-BPG) has a weaker 
effect on lowering its 0 7 affinity. 



Amnion 


Fetal venule 


Felal arteriole 


Chorion 


Septum 


Maternal blood pools 
within intervillous space 


Villus 


Umbilical cord 
Umbilical arteries 


Basal pfale 

Maternal 

(spiral) 

arteriole 

Myometrium 

Endometrium 


Maternal 

venule 


portion 
Umbilical vein ol placenta 


Maternal 
portion 
of placenta 


(chorionic plate) (decidua basalis) 


figure 9 - 42 , The mature placenta in cross-section. (Modified, with permission, from Morgan CE, Mikhail MS. Mum Ml, C/m/- 
cat Ane&thesiofagy, *flli cri, New York; Me Craw-1 Jill: 2006; 880.) 




















table 9*13. Shunts in the Fetal Circulation 


KEY FACT 


Shunt 

Ductus Arteriosus 

Foramen Ovale 

Ductus Venosus 

Location 

Between the aorta and 

pulmonary trunk (artery). 

Between the ft A 

and LA. 

Connects umbilical 

vein to the IVC 

Function 

Protects the lungs, allows the RV to strengthen. 

Import maternal blood. 

Flow 

High PVR, low pulmonary blood flow. 

Regulated by a 
sphincter. 

Oxygenation 

Mixed blood. 


Oxygen-rich blood. 
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Portal 

sinus 


Superior vena cava 


Foramen ovale 


Inferior vena cava 


Ductus 


Umbilical aa. 


Umbilical 


Ductus 


Oxygenated 

Mixed 

Deoxygenated 


P incoma 


I 

Ductus arteriosus Most important 
in decreasing pulmonary blood 
flow. 

Foramen ovale Ensures that the 
developing brain gets oxygenated 
blood. 

Ductus venosus Bypasses the 
liver, preventing loss of nutrients, 



FLASH BACK 


Oxygenated blood flows into the 
IVC, then the foramen ovale, aorta, 
and head 

Deoxygenared blood flows into the 
superior vena cava (SVC), 

Mixed blood flows into the 
pulmonary artery, then the ductus 
arteriosus and the lower body. 



FLASH BACK 


Increased 0 ? affinity does not 
increase 0 2 delivery. Instead, ihe 
RBC is less likely to give up the 
O r Acidic conditions and 2,3-BPG 
encourage 0 2 release (right shift, or 
the Bohr effect). 



KEY FACT 


Inspiration increases Po ? and causes 
release of bradykinin, two factors 
that close the ductus arteriosus. 
Indomelbaan, a nonsteroidal anti¬ 
inflammatory drug, can also be 
used to dose the shunt in hypoxic 
newborns. 



KEY FACT 


I here is no direct contact between 
maternal and fetal blood. 


FIGURE 9 - 41 , Fetal circulation. (Modified, with permission* from Cunningham PC. Lev- 
vuo Kh, Bloom SI,, d al« William# Obstetrics* 22rtd ed* Nciv York: McGrtm-f [ill; 2U0S: IQV) 
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CLINICAL 

CORRELATION 


Maintaining a patent ductus 
arteriosus (PDA) with prostaglandins 
may actually be necessary in 
anatomic abnormalities such as 
coarctation of the aorta, transposition 
of the great arteries, and tetralogy 
of Fallot 



KEY FACT 


Monozygotic twins are always of the 
same gender. 

Dizygotic twins can be the same or 
different genders. 


ill 


CLINICAL 

CORRELATION 


Having monozygotic twins is based 
on chance, whereas the likelihood 
of having dizygotic twins can 
be influenced by anything that 
increases fertility (eg, fertility drugs 
or increased FSH at either end of 
the reproductive lifetime). 1hus t 
dizygotic twins may run in families, 
but monozygotic twins do not. 


For an adult, these modifications are unnecessary- Thus, four key changes 
allow for the transition from fetal to normal adult circulation: 

PVR decreases. 

SYR increases. 

The fetal shunts close. 

Series circulation switches to parallel circulation. 

Inspiral ion bv the newborn causes vasoconstriction of I he ductus venosus. 
Cutting off the placental blood supply causes portal blood to enter the hepatic 
sinusoids, resulting in a drop in BP in the I VC and right atrium <RA). Inspira¬ 
tion also causes flic ductus arteriosus to close. Accompanied by reduced PVR 
from lung expansion, this results in increased pulmonary blond Row. The left 
atrial (LA) pressure rises and the RA pressure decreases, closing the foramen 
ovale, and thus functionally setting up the normal adult systemic circulation. 
Anatomic closure occurs with the formation of fibrous tissue. 

Twinning 

Multiple fetal gestation, though not a true pathologic state, is a natural cause 
of premature birth. The average gestational age for twins is 35 weeks* and for 
triplets it is weeks. 


Fraternal (dizygotic) twins, which result from two fertilized ova, always have 
their own chorion and amniotie sac (see Figure 9-44). Identical (monozy¬ 
gotic) twins, born from a single ovum, usually share a chorion hut have sepa¬ 
rate amniotie sacs. About one-third of monozygotic twins do have unique cho¬ 
rions and amniotie sacs, however, depending on when the ovum splits. Figure 
9-45 illustrates this timeline, 

Breast-Feeding 

During pregnancy, estrogen and progesterone levels are high. These hor¬ 
mones ready the breasts for milk production. However, estrogen antagonizes 
prolactin, preventing lactation. After expulsion of the placenta, estrogen and 
progesterone levels drop, removing the blockade of prolactin. The suckling of 
an infant on the breast stimulates prolactin secretion from the anterior pitu- 


Dizygoiic iwins 


Monozygotic twins 



Dichorionic diamnioiic 


Monochorlontc diamnioiic Monochorlontc rnonoamniotio 


figure 9*44. Development of dizygotic and monozygotic twins. 









Incidence: T;250 Pregnancies 

Fetal sex: Same (except m erotic non-disjunction, e.g.. xo. xy) 
Fertilization: 1 sperm. 1 egg 


Bias to me res Morula Blastocyst Implanted zygote 



Day 0 


Day 


Day 6 Implantation 
3 Day 0 


Day 12 


Division of zygoie; 


Amnion completed 


(Only singletons 


Chorion co 

mpleted 

Embi 
disk co 

ryo ""' . (Conjoined) 
mpleted ' 1 ' 

Dichorionic 

Di amnionic 

Monoc her ionic 
Diamn tonic 

Monochor ionic 
Monoamnionic 

Monochorionic 

Monoamniontc 






Placenta: one fused or two separate 

(two separate —► dichorionic) 


Only 1 yolk sac 
(instead of 2) 
alter day 13 


FIGURE 9-45. Chorionicity in monozygotic twins. Division of the zygote between days 12 and 1 5 results in conjoined twins. 


itary and subsequent milk production. The posterior pituitary secretes oxy¬ 
tocin, which expels the milk into the lactiferous ducts (the milk “letdown” 
reflex). 

Breast milk is a dynamic fluid that changes both throughout the day and over 
the course of lactation. For example, though the volume decreases over a sin¬ 
gle feeding, the fat content increases. Similarly, breast milk is particularly rich 
in immunoglobulins (IgA) within ihe first 5 days after delivery. 

It is believed that breast-feeding reduces a child's chances of acquiring acute 
infections (eg, respirator}’ syncytial virus. Cl infections, and otitis media), 
chronic illnesses (eg, leukemia, irritable bowel disease, and obesity)* and aller¬ 
gies. Similarly, breast-feeding seems to reduce the mother's risk of ovarian and 
premenopausal breast cancer, as well as that of osteoporosis and anemia. 


MENOPAUSE 



KEY FACT 


No twinning is possible 15 days after 
fertilization. 



CLINICAL 

CORRELATION 


Chorionicity in monozygotic twins can 
usually be determined by ultrasound. 
Some dichorionic, diamniotic 
gestations, however, feature a fused 
placenta, which falsely gives the 
appearance of a monochorionic, 
diamniotic pregnancy. 


Ihe cessation of menstruation, menopause, occurs around age 52 and 
results from depletion of functional follicles in the ovaries, litis leads to low 
scrum levels of estradiol, elevated levels oi FSI I, and secondary amenorrhea. 
Same women experience other symptoms such a.v palpitations, joinl pain, 
decreased libido, vaginal dryness, and poor sleep (leading to forgetfulness 
and irritability). 

Estrogen hormone replacement therapy (HRT) counteracts many of these 
symptoms, positively affecting the CNS to improve cognition and reduce 



KEY FACT 


Breast milk contains antimicrobial, 
immunomoduiating, and anti¬ 
inflammatory agents not found in 
formula. 
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KEY FACT 


Hormonal changes lead to reduced 
estrogen, higher FSH, higher LH (no 
surges), and higher GnRH. 


depression. Estrogen therapy also preserves bone mass and inhibits hot flashes. 
However, unbalanced oral estrogen therapy increases a womans risk of throm¬ 
boembolic phenomena, stroke, and endometrial cancer. Similarly, estrogen- 
progesterone therapy (EPT), which reduces the risk of colorectal cancer, 
increases the risk of breast cancer and coronary heart disease. Development of 
these negative effects, of course, depends on the length of! IRT and tire age at 
which it is given. 




MNEMONIC 


Menopause creates HAVOC 

Hat flashes 
Atrophy of the 
Vagina 
Osteoporosis 
Coronary artery disease 



KEY FACT 


Each additional X chromosome 
correlates with an increasingly 
abnormal phenotype and with more 
severe mental retardation. 



I t i 

Pathology-Male 



GENETIC DI5EASES 


Klinefelter's Syndrome 

Seen iti males with an extra \ chromosome (47,XXY), Klinefelter’s syndrome 
affects 1 in >00-1000 male births, ft is most commonly due to maternal uiei- 
otic nondisjunction and correlates positively with increasing maternal age. It is 
associated with autoimmune disorders like SEE, RA, anil Sjogren s syndrome. 

PRESENTATION 

Hypogonadism (i.e., small, firm testes due to fibrosis and hyalmization) 
and infertility due to azoospermia. 

Gynecomastia at puberty due to an abnormal te$tosteronc:c$lradiol ratio. 
Elevated urinary gonadotropins result from lack of feedback inhibition by 
the pituitary gland. 



FLASH BACK 


Maternal meiotic nondisjunction 
may result in an egg containing two 
X chromosomes. 


Diagnosis 

Klinefelter's syndrome is suggested by classic phenotypic findings includ¬ 
ing gynecomastia, tall stature, and small and firm testes. 

Hormonal findings include decreased testosterone and elevated estrogen 
and gonadotropin levels (FSH and l.l I). 

Confirmed by demonstrating (classically) a 47,XXY karyotype. 


Treatment 

leslosterone therapy is initialed in individuals in whom puberty is delayed, 
fails in progress, or when there is a low testosterone level. 

Most individuals receive life-long testosterone therapy. 

While previously believed to he infertile, many Klinefelter s patients can 
now he rendered fertile by advanced fertility techniques, such as testicular 
biopsy to retrieve sperm from the testes, and intracytoplasmic sperm injec¬ 
tion {ICS1), whereby one sperm is directly injected into each egg that has 
been retrieved from a womans ovaries during an in vitro fertilization (IYF) 
cycle. 


XYY Chromosomes 

Phenotypically normal male. 

Results from paternal nondisjunction at meiosis i, resulting in a sperm 
with an extra Y chromosome. 

XYY occurs i in 1000 male births. 









MNEMONIC 


Increased risk of learning disabililies (speech and language skills) and 
behavioral problems. 

Reports of increased proportion of XYY males in prisons and menial hospi¬ 
tals is now known to be incorrect. 

Often arc several centimeters taller than parents and siblings and have 
severe acne. 


Male Pseudohermaphrodite 

Generic male (46,XY) with female external genitalia. Testes me present. 

1 Imvever, there is effective testosterone deficiency, possibly due to any of the 
following: 

Defective testicular differentiation. 

Impaired sccretion/production of testosterone. 

Failure of conversion of testosterone to dibydrotcstosteronc. 

Defect of androgen receptors. 

5a-Reductase Deficiency 

An enzyme, a-rcductase converts testosterone to di hydro testosterone, a 
potent androgen required for the development of male external genitalia. 
Males horn with ibis enzyme deficiency have testes with female or ambig¬ 
uous external genitalia. 

Since functioning testes produce testosterone and MIS, internal genitalia 
develop in a male pattern. 

Androgen Insensitivity 

Mutations occur at live level of androgen receptors, rendering them 
inactive. Testes are normal and produce testosterone, MIS, and other 
substances. 

Males with androgen insensitivity present w ith failure of development of 
male internal and external genitalia. 

Presence of MIS prevents development of uterus and fallopian tubes. 
Complete androgen insensitivity results in normal female external genita¬ 
lia, while incomplete androgen insensitivity results in ambiguous external 
genitalia. 

True Hermaphrodite 

Presence of both ovaries and testes in the same indiv idual, which may be 
due to XX/XY mosaicism or abnormal crossover of a portion of a Y chro¬ 
mosome with the SKY region to the X chromosome. 

The external genitalia may range from normal male, to ambiguous, to nor¬ 
mal female. 

The most common type of external genitalia is ambiguous genitalia, 
Cryptorchidism and hypospadias arc common. 

The gonads may be ovotestes (most common), followed by ovaries and, 
least commonly, lestes. 

The development of the genital ducts follows that of the ipsilalcral gonad 
Germ cell tumors, inguinal hernias, and obstructed genital tracts fre¬ 
quently occur in true hermaphrodites. 


Nomenclature for 

PSEUDOhermaphrodite is named 
after the GONAD present (i.e., if 
testes are present, the subject is a 
MALE pseudohermaphrodite). 



FLASH BACK 


Formation of gonads (testes or 
ovaries) is genetically determined, 
white formation of male external 
genitalia is determined by the 
presence of functional testes; in 
the absence of functioning testes, 
development is female. 



KEY FACT 


Dihydrotestosterone is responsible 
for virilization of male external 
genitalia and secondary sexual 
characteristics. 



KEY FACT 


Testosterone is required 
for ipsilateral woiffian duct 
development. 



KEY FACT 


Mosaicism is the presence of two 
different populations of cells with 
different genotype in one individual. 









FLASH BACK 


PENtLE DISEASES 


Syphilis is caused by the spirochete 
Treponema pallidum. It can be 
identified by dark-field microscopy. 



FLASH BACK 


Gonorrhea is caused by an 
intracellular gram-negative 
diplococcus, Neisseria gonorrhoeae. 
It must be cultured on Thayer-Martin 
(VCN) media to be identified. 




FLASH BACK 


Chiamydia infection is caused by 
the obligate intracellular parasite 
Chiamydia trachomatis. A lab 
diagnosis can be made by observing 
cytoplasmic inclusions on a Giemsa 
or fluorescent-antibody stained smear. 


f 


KEY FACT 


Phimosis is prone to infection, 
commonly due to Candida. 


Congenital Abnormalities 
Congenital Inguinal Hernia 

Outpouching or protrusion of abdominal cavity contents into the inguinal 
canal through a persistent processus vaginalis. 

The processus is derived from posterior parietal peritoneum, which iuvagi- 
nates and migrates toward the scrotum through the inguinal canal. 

Failure of such obliteration results in the formation of a sac through which 
abdominal cavity contents herniate. 

Also known as an indirect inguinal hernia. 

Anatomically, congenital inguinal hernia lies lateral to the inferior epi¬ 
gastric vessels (see Figure 9-46). 

Associated with hypospadias, epispadias, cryptorchidism, and ambiguous 
genitalia. 

This condition affects males more than females with a ratio of 48:1. 
Surgery is recommended to prevent incarceration. 

Infectious Diseases 

(able 9-14 shows etiology, transmission, symptoms, and complications of com¬ 
mon infectious diseases of the penis. 

Other Abnormalities 
Phimosis 

Kxtremcly light foreskin that is too small to he retracted over the glans penis. 
While a physiologic state until 3 years of age, after that il is considered patho¬ 
logic, Often occurs in uncircumcised males that experience chronic infec¬ 
tions and inflammation of the glans penis (balanitis), sometimes due to poor 
hygiene of the area. Circumcision can be used as a treatment after the initial 
infection is treated with hroad-spcctrum antibiotics. 

Peyronie's Disease 

A dense, subcutaneous fibrous plaque forms on the tunica albuginea on the 
dorsal side of the penis, which causes the penis to curve laterally when erect. 
The etiology of the plaque formation is unknown, but it most often affects 


Trans versus 
abdominus 


Internal 

oblique 

External 

oblique 


Inferior epigastric vessels 
Internal inguinal ring 



Transversus 
' aponeurosis 
Aponeurosis of 
"external oblique 


Externa! inguinal ring 


Persistent 
processus vaginalis 


FIGURE 9-46, Indirect inguinal hernia. Note lliat Ihe hernia lies lateral to the inferior epi¬ 
gastric vessels. (Modified, with permission, FmmTiiUmalli )K, Kclen CD, Jihipcxyuski }S, ct ah 
Tinthialli's Emergency Medicine: A Comprehvnaive Study Guide, 6th ed. New York: McGraw- 
Hill; 2004.) 
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table 9-14. Infectious Diseases of the Penis 


Hlitimiiitiiiit If iramll tirrdtfiiiravrtM M 


Disease (Organism) 


Transmission 


Symptoms 


Complications 


Syphilis (Treponema pallidum ). 

Sexually transmitted 

Primary syphilis: Painless 
chancre on penis (if painful, 
chancroid). 

Secondary syphilis : Systemic disease 
Maculopapular rash. 

Condylomata lata. 

Constitutional symptoms. 

Tertiary syphilis: 

Skin/bone gummas. 

Aortitis. 

Tabes dorsalis, 

Argyll Robertson pupil. 

Gonorrhea (Neisseria 

Sexually transmitted 

Urethritis. 

Epididymitis. 

gonorrhaeae)' 


Prostatitis. 

Creamy purulent penile 
discharge. 

Can very rarely cause infection of the 

testes. 



Arthritis. 



Chlamydia (Chlamydia trachomatis 
[D-K] [serotypes LI, 2, and 3 cause 
lymphogranuloma venereum, 
and serotypes A, B, and C cause 
trachoma}). 


Sexually transmitted 


Urethritis. 
Conjunctivitis. 
Reiter's syndrome. 


Epididymitis. 


H niiiHf rtffwitffuTmBWll mtrmtitiimrtf llliiffmiifi hiim 11 rr«f f ti n iiimiift < n Frfrimm un n hi i ynp 
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older mini, II I Ik* curvature of the penis interferes with normal sexual inter¬ 
course, surgical correction is recommended. !f erectile dysfunction or infertil¬ 
ity occurs, then a penile implant should be considered. 

Priapism 

An erection that is persistent and often very painful. Can he a result of sickle 
cell disease, spinal cord injury, antidepressants, antipsychoties (especially 
clilorpromazine and trazodone), and penile trauma. 



KEY FACT 


Trazodone can cause a painful 
erection. 


Balanitis 

Inflammation of [he glans penis. When the foreskin and prepuce are also 
inflamed it is called balanoposthitis. Balanitis is commonly seen in unhy¬ 
gienic uncircumcised men. The collection of smegma, which is carcinogenic, 
and the lack of aeration causes irritation and inflammation, accounting for 
the increased rales of penile cancer seen in uncircumciscd males. Balanitis 
can be complicated by phimosis and mcatal stenosis leading to urinary reten¬ 
tion, Treatment includes cleaning of the area and antibiotics. 

Bowen's Disease 

Intraepithelial neoplasia on the shaft of penis/scrotum. It is also known as 
erythroplasia of Queyrat or in situ carcinoma of the penis, li is a preeancer- 
ous lesion and has a 10% chance of progression to carcinoma. 


Bowenoid Papulosis 

Small multiple, red-, brown-, or flesh-colored patches on the skin of I lie 
penis. It is a premalignant condition with a 2%—3% chance of progression to 






















cancer. Bowenoid papulosis has a dose link lo IIPV and is described as being 
between genital warts and Bowen's disease of the penis in severity. Many eases 
ot Bowenoid papulosis spontaneously regress, but close follow-up is required, 
as it lias malignant potential. 

Cancer 

Squamous cell carcinoma of the penis. Penile cancer is rare in (lie United 
States, representing < \% of cancers in males. Penile cancer is frequently seen 
in an uncircumcised, unhygienic individual and is closely linked with genital 
warts and HPV. 


DISEASES Of THE TESTES 


Congenital Abnormalities 
Cryptorchidism 

A Failure of one nr both testes to descend into the scrotal sac. 

Mosl often unilateral, lhough commonly occurring bilaterally, llie unde- 
sccudod lestis can frequently be palpated as a mass in the inguinal canal 
A greatly increased risk of germ cell tumors, usually seminomas and 
embryonal carcinomas, are associated with cryptorchidism, even after sur¬ 
gical intervention, and in both (lie normal testis and cryptorchid testis. 
Complications: Ipsilatcral inguinal hernia, testicular torsion, trauma, and 
infertility. 

Treatment: Orchiopexy decreases the risk of cancer if done prior to 10 
years of age. ft helps to fix the testes, prevent torsion, and increase fertility, 
and aids in detection of cancer because the external teslis facilitates exami¬ 
nation and diagnostics. 

Infectious Diseases 
Orchitis 

An in flam mat ion of the testes usually caused bv the mumps virus and usually 
affecting only one lestis. 

if the condition is bilateral (uncommon), it may lead to sterility result¬ 
ing from the atrophy of (be seminiferous tubules. In the ease of sterility, 
levels of testosterone will be decreased, but levels of KSII and LI I will be 
increased. 



KEY FACT 
I_ 


Epididymitis is more common 
in men 19-40 years ot age and 
orchitis is more common in a 
younger person (< 10 years). 


Epididymitis 

An infection of the epididymis that can he caused by a variety of bacteria. 

< >5 years old: Chlamydia Iraehamatk and Neisseria go norrhome* 

« > years old: Escherichia voli and Pseudomonas derug/nose/. 

A tuberculous infection can start in the epididymis and travel to the semi¬ 
nal vesicles, prostate, and testicles, 

Patients often suffer from pain and swelling in the scrotum, tenderness, 
and a positive Prehn’s sign (a marked decrease in pain in association with 
elevation of the scrotum j. 
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Other Abnormalities 
Torsion 

A twisting nf the spermatic card (luif compromises blood supply to t lie testes, 
potentially resulting in testicular infarction and gangrene (see f igure 9-47), 

Most often caused bv violent trauma to the testes or cryptorchidism. 
Surgical correction within 6 hours of occurrence usually results in full 
recovery of the testis. 


Varicocele 

Dilated and tor! nous veins located in the pampiniform plexus of the spermatic 
cord I hat most often appears as a “bag of worms” on examination. 

The left testis is more likely to have a varicocele became its pampiniform 
plexus drains into the left renal vein before the I VC, causing increased 
pressure in the venous plexus. Normally, the left testis is slightly lower than 
the right testis. 

Any ty pe of obstruction of the left renal vein, such as in renal cell carci¬ 
noma, can cause a varicocele. 

Varicocele is the most common cause of treatable male sub fertility. 



FLASH BACK 


Unlike the right, the left testicular 
vein drains into the left renal vein 
instead of the IVC at a right angle. 


Hydrocele 

A collection of serous fluid that distends the tunica vaginalis. Most commonly 
caused by a persistent tunica vaginalis tlmf communicates with the perito¬ 
neal cavity, but can also be due to infection or lymphatic blockage as a result 
of a tumor. 

i Is llie most frequent cause of enlargement of the scrotum in young boys. 
Cun be distinguished from tumors by' tivmdlhmiinaHon (see Figure 9*48). 
Hydroceles transit I uminatc; tumors do not. 



FIGURE 9*47. Testicular torsion. Note I he uuilntcrnl pulliugofthc Loslis iulollic horizon¬ 
tal plane due to tlie twisting oi dir spermatic cord. 
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FIGURE 9 - 48 . Hydrocele and transit! uminatiorL Note the translucent appearance when a 
is shone through the testis filled with serous fluid. (Courtesy of Michael J Nowicbi, MD.) 


Hematocele 

A collection of blood in the tunica vaginalis. Hematocele often results from 
testicular trauma and presents with pain, tenderness, and absent transillumi* 
nation. They sometimes result from tapping a hydrocele during examination. 
II a hematocele is not drained, a dotted hematocele is formed which requires 
orchideclomy. 

Spermatocele 

A collection of spermatozoa in the epididymis. Spermatocele is often present 
in the head of the epididymis and behind the upper pole of the testis. Small 
ones can be ignored while larger ones should be aspirated or excised through 
a scrotal incision. 



KEY FACT 


Cryptorchidism results in an 
increased risk of seminomas. 


NEOPLASMS 


Germ Cell Tumors 
Seminoma (50%) 

Large, soft, well-demarcated, gray-white tumor that bulges from the cut sur¬ 
face of the affected testis. A seminoma is confined beneath an intact tunica 
albuginea. Microscopically, large cells with distinct cell borders, pale nuclei, 
prominent nucleoli, and a sparse lymphocytic infiltrate are seen. Seminoma 
is associated with an increase in hCG. Seminoma uniquely metastasizes via 
the lymphulics, and is radiosensitive with an excellent prognosis (see Table 
9-15). 











table 9 -1 s. Characteristics and Prognosis of Seminoma, Yolk Sac Tumor and 
Embryonal Carcinoma 


rthiMfimujjiiiiiuxiiuHiiiuiliinfuiiiiiiimliiiiimiitmiiiilnnimjJlilllt.atlinKrivjHiliinJJnminMmtttlirpaiit 

Malignancy Characteristics 

Prognosis 

Seminoma 

Increased hCG and a large, weII-demarcated mass. 

Excellent 

Yolk sac tumor 

Increased AFP and Schiller-Duval bodies. 

Good 

Embryonal 

carcinoma 

Increased hCG and ill-defined masses with foci of 
necrosis and hemorrhage. 

Poor 


iiimmiiiiHtiiiiri»miniiiMiimrininiiiiiiiiiMniiMii u iiw m iiiiMiiniiiiiMii M iiii i iiimii iMi iii i * w i i iii n im iiuimiiiiiiihiiiimhiiiii 


Yolk Sac Tumor 

Large, may be well demarcated. Microscopically, cells appear as low cuboida! 
to columnar epithelium forming sheets, glands, papillae, and microcysts, and 
are often associated with hyaline globules. This is the most common primary 
testicular neoplasm in children < 3 years, ex-fetoprotein (AFP) can be dem¬ 
onstrated within the cytoplasm of these neoplastic cells. 



KEY FACT 


Schiller-Duval bodies: Structures 
resembling primitive glomeruli, a 
distinctive feature ot yolk sac tumors. 


Embryonal Carcinoma 

Ill-defined invasive mass containing foci of hemorrhage and necrosis. Met al¬ 
iases are common. Histologically, the cells arc large and primitive looking, 
with basophilic cytoplasm, indistinct cell borders, and large nuclei with prom¬ 
inent nucleoli. The cells may be arranged in undifferentiated, solid sheets or 
glandular structures. Embryonal carcinoma is associated with an increase in 

RCG. 


Choriocarcinoma 

Grossly, primary tumor is small and nonpalpuble. Microscopically, choriocar¬ 
cinoma is composed of sheets of small cuboida! cells irregularly intermingled 
with or capped by large, eosinophilic syncytial Cells containing multiple dark, 
pleomorphic nuclei; these represent cytotrophoblastic and syncytiotropho- 
blastic differentiation, respectively. hCG is elevated. 

Teratomas 

Differentiated neoplastic germ cells along somatic cell lines, ‘teratomas are 
lirtu masses that on cut surface often contain cysts and recognizable areas of 
cartilage. Histologically, there arc three major variants: mature, immature, 
and with malignant transformation, plus a mixed type. 

Mature: Fully differentiated tissues from one or more germ cell layers 
(neural tissue, cartilage, adipose, bone, and epithelium) in a haphazard 
array. 

Immature: Immature somatic elements reminiscent of those in develop¬ 
ing fetal tissue. 

With malignant transformation: Characterized by the development of 
hank malignancy in pre-existing teratomatous elements, usually in the 
form of a squamouscell or adenocarcinoma. Usually occurs in adults. 
Mixed: Combinations of any of the described patterns may occur in mixed 
tumors, the most common of which is a combination of teratoma, embryo¬ 
nal carcinoma, anti yolk sac tumors, hCG and AFP arc elevated. 














Interstitial (Non-Germ) Cell Tumors 
Leydig's Cell Tumor 

Arises from Lcvilig’s cells, contains Reinke’s crystals, ami is benign in nature. 
It produces androgen, leading io gynecomastia in men and precocious puberty 
in boys. Treatment is orchidcctomy. 

Sertoli's Cell Tumor 

Arises from Sertoli’s cells. It produces feminization. leading to gynecomastia, 
loss of libido, and aspermia. It is a benign condition and orchidcctomy cures. 


PROSTATE DISEASES 


Prostatitis 

Inflammation of the prostate gland. 



KEY FACT 


More than 10 leukocytes/high 
power lield without bacteria or 
positive cultures equals abacterial 
prostatitis. 


Presentation 

Dystiria, urinary frequency* lower back pain. 

Poorly localized pelvic pain. 

» May be acute or chronic. 

Acute: Caused by 1£. colt and other grain-negative rods. Neutrophilic 
infiltrate* congestion* and edema. Microabscesses mav form. The pros¬ 
tate is often tender and boggy. Leukocytosis and fever are also seen. 
Chronic: Tissue destruction* increased fibroblasts, and inflammatory 
cells. Can be caused by recurrent UTIs or STDs, There arc bvo types 
of chronic prostatitis: 

Bacterial: Same organisms responsible for acute prostatitis. 
Abacterial: The most common form of chronic prostatitis. Leuko¬ 
cytes are found in prostatic secretions but there are no baeteriologie 
findings. There is no history of recurrent l IT!. I lovvever, Chlamydia 
trachomatis and Ureapldsma urealyticum have also been implicated, 


Treatment 

Trimellioprim-siilfamcthoxazole or ciprofloxacin. 

Benign Prostatic Hyperplasia 

Benign enlargement of the prostale gland due to cellular proliferation* usual!) 
at the central zone (see Figure 9-49). 

11 is commonly seen in males >50 years of age. 

Family history (first-degree relatives) is a risk factor, 

With age* estrogen levels tend to increase* in turn inducing surface expres¬ 
sion of androgen receptors in the central zone of the prostate. Therefore* 
despite the generally lower androgen levels in older men* their prostate 
hypertrophies because of increased sensitivity to dihvdrotestostcrone 
(DHT)* 

Presentation 

Patient presents with urgency* frequency, nocturia* dribbling of urine* poor 
stream, sensation of incomplete voiding, incontinence* and urinary retention 
and often U I I. 
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Peripheral zone appears 
to be particularly 
an dragon* sensitive 
and is site of 
pro static carcinoma 


Mucous gland 


Urethra 


Anterior 


Central (penurethral) zone 
appears to be particularly 
eslrogen sensitive and is 
site of benign prostatic 
hyperplasia 


Prostatic gland 


figure 9-4 9* Transverse section of prostate showing location of BPH and prostatic 
carcinoma* The central portion of the prostate is sensitive to estrogen and is the site for flPl l, 
while the peripheral zone is sensitive to androgen and is the site for prostatic carcinoma. 


Diagnosis 

Kirin, smooth, and uniform enlargement of llie prostate on digital rectal 
examination. 

Sonogram shows a diffusely enlarged prostate. 

I host ale-specific antigen (PSA) level is cheeked to rule out prostate cancer. 

Treatment 

Medical treatment includes nonselectivc a-bloekers (doxazosin, prazosin, 
and terazosin), selective a-blockcrs (tamsulosin), and 5a-reductase inhibi¬ 
tors (finasteride). Surgical management involves transurethral resection of the 
prostale (TURP) or prostatectomy. 



Prazosin, doxazosin, and terazosin 
relax the bladder neck and prostate 
by blocking o-adrenergic receptors 
located in smooth muscle. 



Adenocarcinoma of the Prostate 

Arises mostly from flic peripheral zone (70%) of the prostate. 

It occurs in 2G%~30% of men > 50 years of age and in 90% of men > 70 
years of age. 

Most are very slow growing and never present in the man's lifetime. 

With advancing age, the androgen level declines and the peripheral zone 
is the one that is most sensitive to the changes in the androgen level. 
When the androgen level declines, regressive changes occur, mostly in 
the peripheral zone, and prostatic carcinoma arises in these settings. 

Presentation 

Appears as a hard, irregular mass during rectal examination, 

PSA is also elevated. 

Spread 

Spreads via hematogenous or lymphatic channels and by direct invasion. 
Spreads to the lungs hcmatogenously and via I lie vertebral venous plexus 
to pelvic bones and lumbosacral spine. 


The Sa-reductase inhibitor 
finasteride inhibits conversion of 
testosterone to dihydrotestosterone. 
Dihydrotestosterone causes 
increased proliferation of smooth 
muscle in the central zone of the 
prostate. 



FLASH SACK 


PSA is a glycoprotein produced 
by both the normal and abnormal 
prostatic ductal epithelium and 
concentrated m the seminal vesicles. 
It liquefies the seminal coagulum 
formed during ejaculation. 










Die prostatic venous plexus and 
vertebral venous plexus have 
direct communication. Therefore, 
lumbosacral vertebrae and pelvic 
bones are common and early sites 
for metastasis. 



KEY FACT 


PSA is often used to monitor tumor 
burden and recurrences. 


Lymphatic spread occurs to presacral. internal iliac, para-aortic, and supra¬ 
clavicular nudes, while direct spread may invade the bladder, ureter, semi¬ 
nal vesicles, and other pelvic structures. 

The rectum is rarely involved due to the presence of the rectovesical fas¬ 
cia. 

Diagnosis 

On digital rectal examination, the prostate appears to be stony hard with 
obliteration of the median snlcns. 

PSA > 10 ng/mL is suggestive and > 35 ng/mL is diagnostic of advanced 
cancer. 

Alkaline phosphatase is elevated either due to hepatic or bone metastasis. 
Radiologic findings in case of metastasis include characteristic sclerotic 
metastases in lumbar vertebrae and pelvic bones. However, osteolytic 
metaslases arc also common. Transrcetal prostatie biopsy always confirms 
the diagnosis when in doubt. 



KEY FACT 


Rectal exams do NOT increase the 
false-positive rale of PSA, 


Treatment 

Radical prostatectomy can be done as a curative treatment for early disease, 
while palliative treatment is the only option for advanced disease. The pal¬ 
liative treatment involves deprivation of androgens via bilateral oreliidectomy 
nr by giving anti androgens like flutamide. Other treatment options include 
radiation and GnRH agonists. 



Flutamide is an androgen antagonist 
that blocks the androgen receptors. 



GENETIC DISEASES 



t - 

FLASH BACK 
._ 


Indifferent gonads will develop into 
ovaries without the genetic signal 
(aka "genetic switch") to turn into 
testes. This "genetic switch" is SRY 
If no germ cells are present in 
the indifferent gonad, it will fail to 
develop and will become a streak 
gonad. 



KEY FACT 


Turner 1 s syndrome is the most 
common cause of primary 
amenorrhea. 


Turner's Syndrome 

Primary hypogonadism in phenotypic females resulting from partial (miss¬ 
ing only lhe short arm of one X chromosome) or complete monosomy (XO). 
There is either primary amenorrhea/primary ovarian failure or premature 
ovarian failure (premature menopause before age 40), often at a very young 
age, with streak gonads. If there is any V chromosome mosaicism, there is 
increased risk for gonadobhistoma (germ cell tumor) and gonadal extirpation 
is required. 

Presentation 

Newborns may have webbed neck, edema of the hands arid feet, coarctation 
of the aorta, and characteristic triangular facies. 

Affected girls often fail to develop secondary sex e ha racier is lies. 

The genitalia may remain infantile with little pubic hair. 

Generally a short stature with a "shield cliesf with widely spaced nipples 
streak ovaries, and amenorrhea. 

Short stature and primary amenorrhea in adult patients should prompt 
strong suspicion of Turner's syndrome. 

Diagnosis 

Karyotyping, high FSIliLH ratio, 














Treatment 

'leenage patients need counseling regarding stigmata of their condition and 
for hormone therapy. Kstrogcn is given for development of secondary sexual 
characteristics, normal menstruation, and osteoporosis prevention. Growth 
hormone may he given to increase the height of affected patients. 


Prognosis 

Patients with 45,X or 45.X mosaicism have a low fertility rate. Those who 
become pregnant have increased rates of spontaneous abortion (30%) and 
stillbirths (6%-10%). 


Female Pseudohermaphrodite 

Genetic females with virilized or ambiguous external genitalia due to 
exposure to androgens during the eighth to i 3th weeks o! gestation. 
Commonly seen in congenital adrenal hyperplasia. 

Mullerian Agenesis 

Characterized by a shortened vagina with absence of a uterus; however, a 
small rudimentary uterus may be noted. It is the second most common cause 
of primary amenorrhea. 



f - 

FLASH BACK 

h_ 


Fused lower ends of the mijllenan 
duct forms the uterus, cervix, and 
upper two-thirds of the vagina. 



KEY FACT 


The incidence rate is 1 in 4000-5000 live female births. Affected individuals 
have normal ovaries* and normal secondary sexual characteristics, The exact 
etiology is not known. 

Presentation 

Primary amenorrhea in the presence of normal secondary sexual character¬ 
istics, 

'flie vagina may he absent or shortened. 

The labia majora, labia minora, and clitoris arc normal. 

Ectopic kidneys arc common. Others may present with voiding difficulties, 
recurrent UTIs, and urinary incontinence, 

r j 


The stratified squamous epithelium 
of the anus and vagina are derived 
from the cloaca. These have somatic 
innervation from the pudendal 
nerve. The structures superior 
have columnar epithelium and 
visceral innervation* 


Diagnosis 

Ultrasound or MRI can often make the diagnosis. 

Laparoscopy is performed if lliere is an unclear diagnosis or pain from 
functioning obstructed miillerian remnants, possibly with a higher rate of 
endometriosis* 

A pyelogram is performed to assess frequently associated urinary tract 
abnormalities. 


Treatment 

Progressive dilation or reconstructive surgery on the foreshortened vagina 
can be done to make the vagina more functional, and this may estab¬ 
lish sexual functioning. Sometimes intercourse ibelf can serve this same 
purpose. 

Rudimentary uterine horns may need to be excised to prevent pain if thev 
have functioning endometrium. 



KEY FACT 


Renal abnormalities are found 
in 2G%-3OTo of women with 
multenan duct abnormalities. 


Bicornuate Uterus 

Results from incomplete fusion of imillerian ducts. The two separate uterine 
cavities lead to the same cervix. May cause infertility, spontaneous abortion, 
preterm labor, and regurgitation endometriosis. 







n a cu d turn 


INFECTIOUS DISEASES 



Trichomonas vaginalis is a flagellate 
protozoan (see Figure 9-50} that 
is transmitted sexually. Hence the 
sexual partner needs treatment with 
metronidazole as well. 


The organisms, pathogenesis* signs and symptoms, and treatment of common 
infectious diseases of the vulva vaginal area are shown in 'fable 9-16. 

Disease, organisms, signs and symptoms, and treatment of STDs presenting 
with genital ulcers are summarized in 'Table 9-17. 



FLASH BACK 
_ _ _ 


Candida albicans is a dimorphic 
fungus. It demonstrates 
pseudohyphae, true hyphae, and 
budding yeasts on KOH mount. 



key fact 


Addition of KOH to vaginal secretions 
is known as the whiff test 



KEY FACT 

i_ 


Clue cells are epithelial cells adherent 
with Gardnerelta vaginalis. 



KEY FACT 


The pH of the normal vagina is 
below 4.5 and is maintained by the 
production of lactic acid. Estrogen- 
stimulated vaginal epithelial cells 
are rich in glycogen, which is broken 
down into glucose. The vaginal cells 
and lactobacilli convert glucose into 
lactic acid. 



KEY FACT 


Frequent sexual intercourse or the 
use of douches cause the vaginal 
pH to be alkaline, which predisposes 
to bacterial vaginosis. Semen has an 
alkaline pH , 


VAGINAL DISEASES 


Condyloma Acuminatum (Genital Wart) 

Occurs on the female genitalia, perineum, perianal area, and rectum. Genital 
warts result from IIPV infection acquired during sexual intercourse. Genilal 
warts appear as soft, tan. cauliflower-like warts. Histologically, genital warts 
have epidermal hyperplasia with cytoplasmic vacuolization (koiloevtosis). 

Neoplasms 

Clear Cell Adenocarcinoma 

Correlated with girls hi their late teens whose mothers took dictliylstilbeslrol 
(an estrogen once believed to prevent miscarriage) during pregnancy. In 
one-third of the at-risk population, small glandular or microcystic inclusions 
appear in the vaginal mucosa (vaginal adenosis). Microscopically, malignant 
cells appear with clear cytoplasm. 

Sarcoma Botryoides (Embryonal Rhabdomyosarcoma) 

Rare (except on examination). Encountered in children younger than 5 
years who present with vaginal bleeding and soft polypoid grape-like masses 
that protrude from the vagina. Histologically, sarcoma botryoides appears as 
a small, round, Isllie-cell tumor with skeletal muscle differentiation. !i also 
expresses muscle-specific proteins including desmin. 

Squamous Cell Carcinoma 

The most common form of vaginal cancer. The mean age of presentation is 
60 years. Squamous cell carcinoma may present with painless vaginal bleed¬ 
ing and discharge, commonly alter intercourse. 



A B C 


FIGURE 9 - 5 □. Trichomonas vaginalis as found in vaginal and piostatic secretions, i A \ 

Normal trophozoite- Round form after division, (C) Common form seen in stained prepa¬ 
rations. (Modified, with permission, from Brooks GR Bufcl JS, Moist* SA. Jmivf-, Mcfurcb O 
Adel berg a Mvdical Microbiology* 24 lb ed, New York: McGnmd lill; 2(111": 66 L) 
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TABLE 9*1 6, Infectious Diseases of Vulvovaginal Area 


Disease 

(Organism) Pathogenesis 

SrCKS and Symptoms 

iimiittrrtii 4 i 4 f«H 4 iiiBJii irnui 

Treatment 

Bacterial 

Alteration of normal vaginal flora 

pH >4.5 

Metronidazole or 

vaginosis 

(Cardnerelia 

vaginalis) 

causes loss of lactobadili and 
an overgrowth of predominantly 
anaerobic bacteria. 

Fishy-smelling discharge after unprotected intercourse. 

No inflammatory signs on examination. 

Clue ceils on microscopy. 

Whiff test releases a fishy a mined ike odor. 

clindamycin 

Trichomoniasis 

{Trichomonas 

vaginalis) 

Sexually transmitted. 

pH >4.5 

Purulent thin, greenish frothy vaginal discharge 
assodated with pruritus, dysuria, and dyspareunla. 
Erythema of the vulva and vagina. 

Punctate hemorrhages on the vagina and cervix 
("strawbe rry ce rvi x") * 

Motile trkhomonads and leukocytes on microscopy 

Whiff test may be positive. 

Metronidazole 


Candidiasis Blastospores colonize pH< 4.5 (normal). Topical azoles or 

(Candida asymptomatically. Thin to homogeneously thick vaginal discharge, oral fluconazole 

albkans) Antibiotic use, pregnancy, Va g ina l soreness, pmritus, dyspareunia, and vuIvar 

and diabetes predispose to burning. 

symptomatic form by decreasing Curdy white patches on the vulva and vagina, 
lactobadili and allowing an Mycelia on KOH preparation, 

overgrowth of fungi. 

>MMiiiiiimiinilitinTmiiiiiinnii—i||iiMHi^Mnmimiirniimii i i imnnmiu niiiiinnMiiinniiniiwMi—iiiiiM B w nig i M iiiiiniii “‘ti n'—■■ ■■■■■■■■ 


table 9-17, STDs Presenting with Genital Ulcers 


InfttetIUtnMIliniinfHBUlll 1J mi rtarttiii 11 ijki (■ 

Disease (Organism) 

Ml 111! li llriinui itiii u i imrrntlillillil imimoiiHi 

Signs and Symptoms 

Treatment 


Chancroid (Haemophilus 
ducreyi) 

Extremely painful ulcers. 
Tender inguinal 
lymphadenopathy. 

Azithromycin, ceftriaxone, or 
erythromycin. 

Haemophilus "do cry^ (ducreyi), i.e., is 
extremely painful. 




Genital herpes (Herpes 
simplex vims type 2) 

Grouped small painful ulcers. 

Acyclovir, famciclovir. 


V KEY FACT 

Lymphogranuloma 
venereum [inguinal bubo)] 
(Chlamydia trachomatis 4 
serotypes D-K) 

Inguinal suppurative 
lymphadenopathy with 
draining sinuses. 

Proctitis, 

Rectal strictures in women 

and homosexuals. 

Tetracycline or doxycydine; 
erythromycin or 

cotrimoxazole. 

Koilocytes are cells infected 
with HPV. They appear to have 
vacuo bled cytoplasm 





rv«i:U!u» 

Granuloma inguinale 
[donovanosis] 

(Calymmatobacterium 
granulamatis) 

Sharply demarcated ulcer 
with beefy-red granulation 

tissue. 

Erythromycin or tetracycline 
orampidllin. 

HPV types 16 and 18 are the 
subtypes causing 70% of cervical 
cancers. 


itUU)itH 
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HPV expresses E6 and E7 
oncoproteins that interact with 
p53 and Rb, leading to malignant 
transformation, 



KEY FACT 


The most common cancer of the 
vagina is squamouse cell csranoma, 
followed by adenocarcinoma. 
Malignant melanoma is third most 
common cause of vaginal cancer. 
However, melanoma ranks second 
for vulvar cancer (squamous cell 
carcinoma is most common) (see 
Figure 9-51). 



f t O U R E 9- s 1, Vulvar cancer with fungating ulcerated growth. (Courtesy of Dr, Pabau 
Shirma, Patiin Hospital, Kathmandu, Nepiil,) 


The most common cancer of the vagina is squamous cell carcinoma, fol¬ 
lowed by adenocarcinoma. Malignant melanoma is the third most common 
cause of vaginal cancer. However, melanoma ranks second for vulvar cancer 
(squamous cell carcinoma is most common) (see Figure 9-51). 


CERVICAL DISEASES 



KEY FACT 

i _ 


Microscopically, HPV-infected cells 
show cytoplasmic vacuolation 
(koilocytes). 



KEY FACT 


CIN is the histologic classification 
derived from biopsy, whereas 
ASCUS, LCSIL, or HGSIL is the 
cytological classification derived from 
Pap smear examinations. 



FLASH BACK 


Carcinoma in situ (biopsy) is a 
preinvasive neoplasm with an intact 
basement membrane. Dysplasia 
(cytological) does not necessanfy 
progress to cancer 



KEY FACT 


Most people who die of cervical 
cancer die from uremia secondary to 
the obstructive uropathy. 


Cervical Dysplasia 

Abnormal organization of cells in cervical epithelium starting from flic basal 
layer. It has a tendency to progress from mild to severe dysplasia, and finally to 
invasive carcinoma. Ninety percent of cervical intraepithelial neoplasia (CIN) 
is associated with HPV infection. On biopsy CIN is classified as: 

CIN 1 (mild dysplasia): Involves lire basal third of the epithelium. 

CIN 1! (moderate dysplasia): Involves the basal two-thirds of the epi¬ 
thelium. 

CIN ill (severe dysplasia): Involves more than two-thirds of the epi¬ 
thelium. 

Carcinoma in situ: Involves the entire thickness of the epithelium. 

According to the Bethesda system, atypical squamous cells arc classified 
into those of undetermined significance (ASCUS) and those with high- 
grade lesions (ASC-H). Low-grade squamous intraepithelial lesion (LCSIL) 
includes CIN l t while high-grade squamous intraepithelial lesion (HGSIL) 
includes CIN 1L and 111* 

Invasive Carcinoma 

Early cervical cancer is often asymptomatic. Risk factors for development 
inchide early age at first intercourse, multiple partners, cigarette smoking, 
and high-risk HPV infection. 

Presentation 

Post-coital vaginal bleeding, abnormal vaginal bleeding, or n mucinous dis¬ 
charge. In I ale-stage disease, the patient may present with foul-smelling vagi¬ 
nal discharge, weight loss, or obstructive uropathy. 

High-Risk HPV (Types 16, 18, 31, 33, 35, and 39) 

HPV infections can be detected in 85%-9D% of cases, HPV types 16 and 18 
integrate into the host's DNA and inactivate p5? and Rb, allowing uncon¬ 
trolled cellular proliferation. 
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Diagnosis 

Rectal examinations may reveal nodularity when carcinoma invades into tlic 
parametrium. Biopsy alone is sufficient for diagnosis. 

Treatment 

Cervical conization, simple hysterectomy, radical hysterectomy, or radiation 
therapy and chemotherapy, depending on the stage. 

Prognosis 

Kivc-vear survival is above 80% with carly-stage disease. 



KEY FACT 


The most common form of cervical 
cancer is squamous cell carcinoma, 
Tlie second most common form is 
adenocarcinoma. 


UTERINE DISEASES 


Pelvic Inflammatory Disease 

Pelvic inflammatory disease (PID) is infection and inflammation of the upper 
genital tract. Causative organisms include: 

Vcmcrifl gpnorrhotae. 

Chlamydia trachomatis. 

Anaerobic bacteria, Cardnerella vaginalis* 

Less commonly H. influenzae, enteric grain-negative rods, and strep¬ 
tococci. 

PID commonly occurs in young,sexually active, nulliparous women. Progestin- 
containing oral contraceptive pills and harrier methods may have a protective 
effect against PID. Risk factors include smoking, douching, and non-white 
race. 


Presentation 

Patients present with lower abdominal pain, fever with chills, and purulent 
cervical discharge. On examination, cervical motion tenderness (chandelier 
sign) and adnexal tenderness may be noted. However, many patients with PID 
may exhibit subtle signs and symptoms, making it difficult to diagnose. 

Treatment 

Azithromycin and ceftriaxone are used to cover Chlamydia infection and gon¬ 
orrhea, respectively. 



KEY FACT 


PID criteria are defined broadly in 
order to pick up all cases since the 
sequelae are so grave 


Complications 

I wen with treatment, 25% of patients with acute Pi D develop recurrent PID, 
chronic pelvic pain, dysparemiia, eelopie pregnancy, or infertility. May also 
progress lo Fite-1 high and Curtis syndrome. 

Endometriosis 

Presence of functional endometrial tissue outside the uterus. The most com¬ 
mon sites of implantation are the pelvic viscera (lire ovaries most common!)-, 
and the rectosigmoid pouch second most commonly) and the peritoneum 
(sec Figure 9-52), Other sites of implantation include laparotomy scars, lungs, 
pleura, diaphragm, kidneys, nasal mucosa, spinal canal, stomach, and breast. 
Fndomdriosis is believed to ocem in 6%-H% of women of reproductive age 
in the United States. 



KEY FACT 

i_ 


PID with right upper quadrant 
lendemess suggests associated 
perihepatitis from bacteria! 
transmigration across the 
peritoneum. This condition is known 
as Fitz-Hugh and Curtis syndrome. 
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FIGURE 9-52 , Endometriosis. Common silo <it ciidcmictruil implant* are shown. 


Pathophysiology 

Hie exact etiology of endometriosis is not known; however, there are several 
theories proposed to explain the occurrence of endometriosis. 

Regurgitant flow theory (ectopic implantation and menstrual regurgi¬ 
tation, aka retrograde menstruation or Sampson s I henry): Menstrual 
regurgitation occurs in 80%—90% of women during normal menstruation. 
The endometrial cells get implanted and function normally as if they were 
in the uterine cavity. 

Celomic metaplasia: Conversion of one normal cell type to another (ie., 
hemoptysis and epistaxis concurrent with each period point to upper respi¬ 
ratory endometriosis). 

Induction theory: Some believe that under the influence of immunologic 
and hormonal factors undifferentiated peritoneal cells gel transformed into 
endometrial cells. 

Genetic factor: A relative risk of 7 has been shown in women who have 
first-degree relatives affected with endometriosis. Twin studies support the 
role of genetic influences. 



KEY FACT 


Suspect endometriosis in women 
with new-onset dysmenorrhea. 


Presentation 

There are a variety of manifestations, ranging from no complaints to the 
following: 

Subfertility or infertility. 

Dysmenorrhea. 

Dyspareunia. 

Chronic pelvic pain. 

Pain on defecation. 

Pain on urination. 

GI symptoms like nausea, vomiting, bloating, distention, amt altered bowel 
habits. 
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The physical examination may be normal in the majority of women. How¬ 
ever, the following findings may be present: 

Pelvic tenderness* 
i Adnexal tenderness* 

Tenderness and nodularity over the uterosucral ligaments or in the poste¬ 
rior cul-de-sac* 

Unilateral ovarian enlargement* 

Retroverted uterus. 



KEY FACT 


Diagnosis 

A transvaginnl sonogram has excellent specificity and sensitivity in detect¬ 
ing ovarian endometriotic cysts. 

laparoscopic findings of endometriosis with histologic confirmation 
remain the gold standard for the diagnosis of endometriosis (see Figure 
9-5?)* 

Laparoscopic findings include typical lesions that appear to be like pow¬ 
der burns, or red implants, serous or clear vesicles, while plaques, yellow- 
brown discoloration of the peritoneum, and scarring. The pathologic diag¬ 
nosis requires the presence of two of the following: endometrial glands, 
endometrial stroma, and hemosiderin-laden macrophages. 


Endometrioma is a pseudocyst 
formed by accumulation of 
menstrual debris from shedding and 
bleeding of the small implant over 
the ovarian cortex. These are also 
called chocolate cysts because of 
the color of fluid. 


Treatment 

Progestins stop proliferation of endometrial cells by shutting down the 
lij'pothalamic-pihiihm-ovarian axis, resulting in endometrial atrophy. 
Danazol is useful in endometriosis because of its anti-gonadotropin 
activity. Danazol directly acts on the pituitary to decrease tire level of 
gonadotropins. 

A GnRII analogue also acts by decreasing the level of I II and FSH, 
thereby decreasing the estrogen level. 

The goal of surgical management is to preserve fertility and decrease 
symptomatology. The least expensive and least invasive procedures should 
be the preferred choices. 



FIGURE 9-53. Endometriosis. This specimen shows endometrial glands in the urinarv 
bladder (bladder endometriosis), (Courtesy of Dr. Pakm Shanuu, Patau Hospital. Kathmandu, 
Nepal.) 
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MNEMONIC 


Adenomyosis is "endometriosis stuck 
inside the myometrium." 


Adenomyosis 

Presence of endometrial glands and stroma in the myometrium of the 
u terns. 

May occur focally or diffusely. 

Presentation 

Menorrhagia anti dysmenorrhea. 

Asymptomatic in one-third of cases. 

Pelvic examination may reveal an enlarged soft, bulky uterus, a uterine 
mass, or uterine tenderness. 


Diagnosis 

Transvaginal sonography is the initial imaging technic]iic of choice. 
MRI is liic most accurate diagnostic test for adenomyosis. 

Treatment 

Hysterectomy is the only definitive treatment. 

Complication 

Anemia due to menorrhagia. 


NEOPLASMS 


Endometrial Hyperplasia 

Proliferation of endometrial glands and stroma in a gruaterdhan-nornial 
gland:stroniM ratio. Endometrial hyperplasia usually occurs due to pro¬ 
longed unopposed action of estrogen on endometrial tissue* like early 
inenarcliCp laic menopause, nulliparity, PCOS, PCGS and any other condi¬ 
tion associated with anovulation (unopposed estrogen), granulosa cell tumor 
(secretes estrogen), tamoxifen (an endometrial agonist, despite being a breast 
estrogen-receptor antagonist), or unopposed estrogen therapy without con¬ 
comitant use of a progestin. 

There are different types of endometrial hyperplasia, which are described in 
Table 9-18. 


TABLE 9 • i e * Types of Endometrial Hyperplasia, Cytologic Features, and Progression to 
Endometrial Carcinoma 

imirj-T-Tjiiim ninM- i iinijijii m i in iiM^i n ii iiii— m imi np i i iiMiimuwfTnirnii niwmi iiuiiimmiiiiiiirriwwiniiMiipmiriiiiiiMMiimii i iapi n iiniiu 


Tyre 

Cytologic Features 

Progression to 

Endometrial 

Cancer 

Simple 

Cystic hyperplasia without atypia. 

1% 

Complex 

Adenomatous hyperplasia without atypia. 

3%- 5% 

Simple with atypia 

Cystic hyperplasia with atypia. 

8%-lQ% 

Complex with atypia 

Adenomatous hyperplasia with atypia. 

29% 

iti iu»M*tiJ iiiMPVii mi III* 
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FIGURE 9-54. Subserosa! leiomyoma. (Courtesy o! Hr. Pa ban Sluirnia. Palau I Eospitnk 
Kalimi;mdu, Nepal.) 


Presentation 

Patients with endometrial hyperplasia present with abnormal uterine bleed¬ 
ing, like menorrhagia, metrorrhagia, or postmenopausal bleeding. Amenor¬ 
rhea may also be a presenting symptom, especially in anovulatory patients. 

Diagnosis 

The diagnosis is based on histologic examination of specimens obtained either 
from dilatation and curettage or endometrial biopsy in an office selling. 

Treatment 

Progesterone therapy is quite effective for hyperplasia without atypia. How¬ 
ever, complex hyperplasia with atypia may require hysterectomy because 25% 
of patients with atypical hyperplasia delected on endometrial biopsy or curet¬ 
tage specimens are found to have well-differentiated endometrial carcinoma. 
Women w ho have not completed childbearing can be treated with progestins 
and followed closely to presene fertility. 


Leiomyoma 

A benign tumor arising from smooth muscle and connective tissue of the 
uterus. Leiomyomas are clonal and arise from a singe myometrial cell; 
they arc the most common benign uterine tumors. Leiomyomas occur in 
2()%-50% of women of reproductive age and may be: 

Subserosa I (see Figure 9->4)* 

Intramural (sec Figure 9-55). 

Submucosal (sec Figure 9-56). 



KEY FACT 


Leiomyosarcoma does not arise 
from leiomyoma. 



FIGURE 9 - 5 S . Intramural leiomyoma. (Courtesy of Dr. Pabau Sbarim, Patau Hospital, 
Kathmandu, Nepal. ) 
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figure 9*56* Submucosal leiomyoma* (Courtesy of Or, Pa ban Sliamia, Pa I an lk>N]>il;il, 
Kathmandu, Nepal.) 


Sometimes leiomyomas are found in tile peritoneal cavity, broad ligament, 
and cervix. I he exact etiology is not known* However, it is believed that leio¬ 
myomas arise from monoclonal proliferation of a single neoplastic cell within 
the smooth muscle of the myometrium. 

Grossly, leiomyomas appear as sharply circumscribed* firm, gray-white masses 
with a characteristic whorlccl cut surface* Microscopically, the cells appear 
to be in uniform size and shape with scarce mitotic figures. 


Presentation 

The clinical features of leiomyoma depend on the location, size, and number 
nTtumors. Symptoms include the following: 

Menorrhagia, which may lead to anemia. 

Pain symptoms such as dysmenorrhea, dyspareunia, or pelvic pressure. 
Acute pain may result from torsion of a pedunculated fibroid. 

Pressure symptoms such as frequency, urgency, incontinence, constipa¬ 
tion, or venous stasis of the lower extremities. 

Recurrent abortions in the first trimester. 

Ascites. 

Polycythemia. 

y «i 



KEY FACT 


Red degeneration is a form 
of coagulalive necrosis in a 
hemorrhagic, meaty, cut surface. 
There are several different types of 
necrosis. 


Diagnosis 

Pelvic examination may reveal an asymmetrically enlarged uterus, or an adn¬ 
exal or pelvic mass. Sonography shows a concentric, solid hypoechoic mass* 
The diagnosis is confirmed by examination of histopathology, which shows 
uniform-sized cells with no mitotic figures* 

Treatment 

Medical: GnRH that acts by decreasing the level of estrogen* Long-term 
use of GnRH agonists is limited by their side effects such as hot flashes. 
Surgical: Hysterectomy or myomectomy* 

Complications: Calcification, ossification, mucinous or cystic degenera¬ 
tion, and red degeneration; anemia and venous stasis in the lower extrem¬ 
ities are common complications of leiomyoma* 


Endometrial Carcinoma 

Cancer arising from the endometrium of the uterus. U is the most common 
gynecologic malignancy and 2%— 3% of women develop endometrial carci¬ 
noma in their lifetime* Seventy-five percent of endometrial cancer occurs in 
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women older than 50 years of age. It ranks as the fourth most common malig¬ 
nancy in women after breast, lung, and bowel cancers. The most common 
risk factors for endometrial carcinoma include: 


>i Nulliparity 
I ate menopause 
Early menarelic 
Obesity 

Diabetes mclliim 
Estrogen replacement therapy 
Atypical endometrial hyperplasia 
Tamoxifen therapy for breast cancer 



KEY FACT 


Any factor that causes unopposed 
estrogen exposure to endomeimjm 
contributes to endometrial 
carcinoma. 


Endometrial carcinoma can arise in two different pathologic settings: 

Unopposed estrogen exposure of endometrium (hyperplastic endome¬ 
trium): In this setting, the endometrial carcinoma tends to he well differ¬ 
entiated with better prognosis. 

Absence of unopposed estrogen exposure of endometrium (atrophic endo¬ 
metrium): In I his selling, the endometrial carcinoma tends to he less dif¬ 
ferentiated, with poorer prognosis. 



KEY FACT 


There is no appropriate screening 
test tor endometrial carcinoma. 


Most patients present at their perimcnopausal or postmenopausal period with 
complaints of vaginal bleeding or discharge. The peak age of incidence is in 
the sixth or seventh decades of life. 


Diagnosis 

Endometrial aspiration biopsy is the best initial investigation of choice. 



KEY FACT 


Treatment 

Total abdominal hysterectomy plus bilateral salpingaoophorec loiny with peri¬ 
toneal sampling is routinely done. 

Leiomyosarcoma 

Arises from mesenchymal cells of the myometrium, not from pre-existing 
leiomyomas. 

Appears similar to leiomyomas hut diagnostic features indude pleomor¬ 
phic spindle cells with relatively frequent mitoses. 

Older females are affected, and pathology reveals af least 1U mitotic figures 
per high-power field, ahpia, and necrosis. 


Postmenopausal bleeding is 
endometrial carcinoma until proven 
otherwise. 


OVARIAN DISEASES 


Polycystic Ovarian Syndrome 

Characterized by obesity, chronic anovulation, hirsutism, and enlarged poly¬ 
cystic ovaries. The most import ant features of polycystic ovarian syndrome 
(PGOS) are anovulation and signs of hyperandrogenisni. Ovaries are enlarged 
with multiple small cysts. The cortex is thickened. 

Pathogenesis 

Dysrcgulation of the enzyme CYP-450 I7tx involved in androgen formation 
in ovaries and adrenals may be the key. This causes increased testosterone 
from ovarian origin. Additionally, there are elevated androgens because insu¬ 
lin (high here because of obesity and decreased insulin sensitivity) stimulates 
a decrease in sex hormone-binding globulin and an increase in testosterone. 
Estrogens are high due to peripheral aromatasc conversion from androgens. 
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Additional I ly, estrogen inhibits FSH, so follicles do not mature or ovulate, 
leading lo polycystic ovaries. Elevated estrogen causes positive feedback to 
increase LH, causing ovarian androgen secretion, inhibiting follicular matu¬ 
ration, and, llirough peripheral aromatase conversion, allowing estrogen to 
increase continuing the anovulatory cycle. 

Insulin also suppresses the hypothalamic-pituitary axis. Some report that as 
many as 90% of cases at this syndrome may result from insulin resistance. 

Presentation 

Patients with PCOS present with hirsutism, obesity, chronic anovulation, 
insulin resistance, infertility, and anemia. They arc also at increased risk for 
endometrial hyperplasia and carcinoma, possibly because of prolonged unop¬ 
posed exposure to estrogen. 

Diagnosis 

There arc three major diagnostic criteria (two of three should be met for 
diagnosis): 

Sonogram showing enlarged ovaries, with multiple small cysts in a “string 
of pearls" configuration (see Figure 9-57). 

Oligomenorrl tea. 

Any form of hyperandrogenism: Clinical (acne, hirsutism) or endocrine 
( high levels of androgens). 

Other emiocrinopathies must be ruled mil, such as hypothyroidism, hyper¬ 
prolactinemia, or late-onset congenital adrenal hyperplasia. 
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FIGURE 9-57. Different pathways contributing to the pathogenesis of PCOS. 


Treatment 

Weight reduction, OCPs, GnRII agonists, metformin, ketoconazole, spiro¬ 
nolactone, clomiphene citrate, and Pergonal (menotropim* have been used 
with varying degrees ol success* 

Follicular Cyst 

When the LH surge docs not occur and the follicle does not extrude the 
ovum, it grows and results in a follicular cyst that docs not usually require 
treatment* II goes away on its own after two or three menstrual cycles. Some¬ 
times an OCP can be used. 


Corpus Luteum Cyst 

After the 1.11 surge, the ovum is extruded* The follicle then turns into a cor¬ 
pus luteum. Sometimes the corpus luteum accumulates fluid, thus becoming 
a corpus luteum cyst. It can grow up to 6 cm in diameter and has a poten¬ 
tial to rupture, consequently twisting the ovary. Corpus luteum cysts are also 
called "hemorrhagic cysts." The cysts usually regress spontaneously* There is 
an association of corpus luteum cysts with the use of ovulation-inducing medi¬ 
cation such as clomiphene citrate. 



KEY FACT 


Hemorrhagic cysts are a common 
gynecologic cause of an ovarian 
torsion and acute abdomen in a 
young female. 


Theca Lutein Cyst 

Lined with theca interna cells, theca lutein cysts arc usually bilateral and 
often regress spontaneously* They may grow to a large size and rupture. The 
cysts arc associated with molar pregnancy, choriocarcinoma, twin pregnancy, 
Rh isoimmunization, and ovulation-inducing agents such as clomiphene 
citrate. 


Neoplasms 

Ovarian neoplasms arc broadly divided into the following categories, depend¬ 
ing on their origin: 

Germ cell tumors 
Epithelial cell tumors 
Sex cord/stromal cell tumors 
Metastatic tumors 

Germ Cell Tumors 

Derived from primordial germ cells of ovaries and constitute 20% of all ovar¬ 
ian tumors. 

Presentation 

Can occur at any age, but peak incidence is in the early 20$. 

About one-third of germ cell tumors diagnosed in children and adoles¬ 
cents are malignant, white most diagnosed in adults arc benign (primarily 
mature cystic teratomas). 

Often present at early stages, unlike epithelial ovarian tumors, which are 
slow-growing and often present at late stages. 

Pelvic pain* 

Menstrual irregularities. 

Rapidly growing pelvic mass with pressure symptoms on the bladder and 
rectum. 

Adnexal mass, ascites, and pleural effusion may be present. 
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Diagnosis 

Sonogram may reveal adnexal mass measuring > 2 cm with cystic or solid 
components. 

Karyotyping may be necessary because germ cell tumors Iciul In occur in 
dysgenetie gonads (can be seen in 46,XY females). 

Types 

Dysgcrininoma 
Fndodermal sinus tumor 
Embryonal carcinoma 
Choriocarcinoma 

Dysgerminqma 

The most common malignant germ cell tumor in females. Associated with 
elevated placental alkaline phosphatase (FLAP), lactate dehydrogenase 
{LDH), and hCG (see Table 9-19). 

Typically unilateral, bilateral in K)%—1 5% eases. 

" J he capsule appears thin and I he cut surface is spongy and gray-brown 
in color (see Figure 9-58), They have large, round, ovoid, polygonal cells 
with clear cytoplasm and large nuclei with prominent nucleoli. 

Also seen in the presence of dysgenetie gonads and in 46,XV females. 

I lighly sensitive to radiation and chemotherapy. 

Endodermal Sinus Tumor 

Also known as yolk sac tumor both in males and females. 

Second most common germ cell tumor of ovary; occurs in those younger 
than M) years of age. 

Associated with elevated AFP levels (see fable 9-19), 

Shows glandular and papillary structures. 

Papillary structures resemble glomeruli (Schillcr-Duval bodies). 
Radioresistant but chemosensilivc. 


TABLE 9 -1 9, Germ Cell Tumors, Tumor Markers, and Characteristic Features 


... f ****** 

Germ Cell Tumors 

Tumor Markers 

CHARACTERISTIC FEATURES 

Dysgerminoma 

PLAf> LDH, and 

hCG 

Large round cells with dear cytoplasm. 

Endodermal sinus 

AFP 

Blood vessels with cancer celts resembling 

tumor 


glomeruli (Schiller-Ouval bodies). 

Embryonal 

hCG and AFP 

Large cells, basophilic cytoplasm with indistinct 

carcinoma 


borders. 

Choriocarcinoma 

hCC 

Syncytiotrop hob last and cytotroph oblast 

Teratoma 

AFP and hCG 

Differentiated somatic cells from one or more 


germ layers. 
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figure 9-5B, Dysgerminoma of ovary. (Courtesy of Dr. Pabaii Sluinua. Patau I lospilal. 
Katlim.mtbi, Nt-pat, t 


Embryonal Carcinoma 

hCG and Al l 1 arc usnallv elevated serum markers. 

Appears as an ill-defined invasive mass containing foci of hemorrhage and 
necrosis, 

I he cells arc large and primitive looking, with basophilic cytoplasm, indis¬ 
tinct cell borders, and large nuclei with prominent nucleoli. 

May secrete estrogens, leading to precocious puberty. 

Responds to combination chemotherapy. 

Choriocarcinoma 

Grossly, primary tumors arc small, non palpable lesions. Microscopically, 
cvtniroplioh lasts and svney tiotroplioblasts arc seen. 

liCG is elevated (see liable 9-19). 

Responds w ell to chemotherapy; therefore, good prognosis. 


KEY FACT 


hCG is a product of the trophoblast. 


KEY FACT 


AFP is a product of yolk sac cells. 


Teratoma 

Differentiated neoplastic germ cells along somatic cell lines. They contain dif¬ 
ferentiated somatic cells froinone or more germ layers (ectoderm, mesoderm, 
or endodenu). Teratomas arc firm masses that on cut surface often contain 



FIGURE 9-59, Cut section of mature dermoid cyst showing hairs. (Courtesy nf Hr. Pah an 

SIumi.i, Pul;in Hospital, Kathmandu, Nepal.) 
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figure 9-60. Intraoperative image showing bilateral immature dermoid cysts. (Cour¬ 
tesy of Dr, Patau Sharma, Palau Hospital, Kathmandu, Nepal.) 


cysts and recognizable areas of cartilage. AFP ami hCG are associated tumor 
markers. Histologically, there are three major variants: 

Mature dermoid cyst: “Dermoid 1 ’ because this tumor has hair and keratin 
(sec Figure 9-59). 

Benign, 

Bilateral in 10%-] 5% (see Figure 9-60). 

Most common during reproductive years. 

Cyslie lined by epidermis and adnexal structure. 

Contains well-differentiated bone* cartilage, hair, muscle, or thyroid 
follicles. 

Immature dermoid cyst: Malignant 
Common in younger age groups. 

Solid tumor (see Figure 9-61) with areas of hemorrhage and necrosis. 
Contains poorly-differentiated elements of hone, cartilage, hair, mus¬ 
cle, or thyroid tissues. 

Immature areas arc always immature neuroepithelium. 

Specialized teratoma: Monodermal in origin 

An example is struma ovarii, which contain only mature thyroid tissues 
(nionodcnnal). Sometimes can cause hyperthyroidism (rare). 

Epithelial Cell Tumors 

Epithelial ovarian cancer: Arises from the epithelial lining of the ovary. It 
usually appears at the fifth or sixth decade of life and accounts for 90% of 



FIGURE 9-61. Immature dermoid cyst (Courtesy of Dr. Paban Sharma. Patau IImpital, 
Kathmandu, Nepal.) 



KEY FACT 


nil ovarian cancer Risk factors include low parity, infertility, early meuar- 
che, and late menopause. The use of oral contraceptive pills has been 
documented to help prevent ovarian cancer. 

Types include: 

« Serous 
Mucinous 
Brenner 
Endometrioid 

Serous 

Serous cystadenocarcinoma: 

Characterized by ingrowths of papillary and glandular structures with 
stromal invasion. 

Psammoma bodies arc present in 80% of cases. 

Poorly-differentiated cancer may present as solid sheets of cells. 

Serous cystadenoma: 

Pilled with pale yellow serous fluid. 

Bilateral in 10%-25% of cases. 

Treatment is either unilateral salpingo-oophoreetomy or ovarian cystec¬ 
tomy. 

Borderline Epithelial Tumor 

Characterized by low malignant potential. It remains confined to the ovary 
for a long time and has a very good prognosis, These tumors characteristi¬ 
cally break off and Ira nsec Ion lically metastasize one-third of the time toother 
organs, most commonly the liver. The following characterize borderline epi¬ 
thelial tumors; 


■ 

0A-125 is used to follow tor 
recurrence and is never diagnostic! 



Psammoma bodies are also seen in 
meningioma and papillary carcinoma 
of the thyroid 



Lobar carcinoma in situ is also a 
bilateral carcinoma. 


Papillary formation and pseudostiatification. 

Nuclear atypia. 

No true stromal invasion, although they are malignant in that they 
metastasize. 


Mucinous 

Mucinous adenocarcinoma: Characterized by multiple loculi lined with 
mucin-sccreting epithelium and stromal invasion. 

Bilateral in 8%-10% of cases. 

Mucinous cystadcnoma: Pilled with sticky mucin; tends to be iniilti- 
loculatcd. 

Bilateral in < 5% of cases. 

Can present very large. 

Treatment is either unilateral salpingo-oophorectomy or ovarian cystectomy. 



KEY FACT 


Pseudomyxoma peritonei results 
from slow leakage of mucin from a 
mucinous adenocarcinoma of the 
ovary. 


Brenner Carcinoma 

Characterized by transitional cell (bladder) epithelium with stromal invasion. 
Rare (except on exams). 










KEY FACT 

L_ 


Endometrioid carcinoma of the ovary 
correlates with concurrent lesions in 
the endometrium. 


Endometrioid Carcinoma 

Characterized by similar adenomatous pattern seen in endometrial carci¬ 
noma of the uterus. 

Often present with abdominal distention* pelvic or abdominal pain, and 
abnormal vaginal bleeding. 

Presents at early stage; therefore, has better prognosis. 

Clear Cell Carcinoma 

Hobnail cells are clear, with nuclei projected toward apical cytoplasm. 
Associated with paraneoplastic hypercalcemia* 

Patients with clear cell carcinoma treated with platinum-based chemother¬ 
apy have a higher risk of thromboembolic complications than those with 
non-dear cell carcinoma* 



FLASH BACK 


Granulosa cells convert 
androstenedione into estrone via 
aromatase. 


Sex Cord/Stromal Cell Tumors 

Arise from stroma or sex cords of the ovary; account for < 10% of all ovarian 
cancers* 

Granulosa Cell Tumors 

Estrogen-secreting turnon Granulosa cells secrete estrogen, which can be 
used as a tumor marker. 

In prepubertal girls, often associated with psendo-prceocious puberty. 

In reproductive age group, associated with menstrual irregularities, endo¬ 
metrial carcinoma (5%), and endometrial hyperplasia (50%), 

Some secrete inhihin; can be used as a tumor marker. 

Grossly, smooth with tabulated surfaces; size can range from few millime¬ 
ters to 20 cm. 

Often cells arrange themselves around a central cavity like a primordial 
follicle (Cull-Exner bodies). 

Coffee bean (grooved ) nuclei arc common. 

Bilateral in less than 2% of cases. 


Sertou-Levdig's Cell Tumor 

Androgen-producing tumor and may contain Reinke crystals. 

Occur between 30 and dO years of age. 

Because of the type of hormone produced* commonly presents with signs 
of virilization such as amenorrhea, breast atrophy, acne, hirsutism* deepen* 
mg of the voice, and receding hairline* 

Elevated testosterone and aiidrostenedione with normal dehvdrocpiandros- 
I crone sulfate. 

Bilateral in less than \% of cases. 


Metastatic Tumors 

Krukcnbcrg’s tumor: Metastatic tumor If) ovaries from other sites. 

Occurs in ovarian stroma. 

Cells arc ty pically mucin-filled, with signet ring appearance* 

Usually bilateral (evidence for hemometasUisis), 

Commonly metastasis occurs from stomach and less commonly from 
other sites such as colon, breast, nr biliary' tract to the ovaries* 






PREGNANCY COMPLICATIONS 


Placental Disorders 
Abruptio Placentae 

Separation of normally implanted placenta due to hemorrhage in the decidua 
basal is of the endometrium before the delivery of the fetus. Severe abruptions 
have a 25% rale of perinatal mortality. 


Presentation 

Vaginal bleeding, tender uterus, fetal distress, hypertonus, nr stillbirth. Some¬ 
times, the bleeding may be severe, leading to shock, and it can also lead to dis¬ 
seminated intravascular coagulation (DIG). The bleeding is often painful. 



KEY FACT 


Diagnosis 

Mainly clinical, A retroplacental clot on ultrasound is specific for abruption. 


Abruption: Painful 
Previa: Painless 


Treatment 

Prompt delivery of the fetus via cesarean section. Vaginal deliver)' is preferred 
ti the fetus is deceased and the mother is stable. 


Placenta Accreta 

Defect in the decidua basal is leading to abnormal implantation of the pla¬ 
centa. When Nitabuchs membrane is deficient, 1 he trophoblastic tissue 
all aches directly to the myometrium. Incomplete separation of the placenta 
during delivery leads to profuse hemorrhage. 

Presentation 

Profuse placental hemorrhage during delivery. 

Diagnosis 

Sonography may help diagnosis in the antepartum period, 

Treatment 

1 lystercclomy 


Placenta Previa 

Implantation of the placenta over or near the internal cervical os. The inci¬ 
dence of placenta previa is 1 in 500 deliveries in the United States. 

Presentation 

Painless vaginal bleeding at the end of the second trimester or later. 'The 
uterus is sufl and non lender. 

Diagnosis 

Sonography is the initial investigation of choice for localization of the 
placenta. 



KEY FACT 


Do not perform vaginal examination 
in any woman who is > 20 weeks 
pregnant with vaginal bleeding. The 
digital examination may rupture the 
previa. 


Treatment 

The choice of treatment depends on gestational age, maternal and fetal con¬ 
ditions, and the amount of [deeding. 
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Expectant Management 

It fetal lung maturity is not achieved, the pregnane) may be prolonged using 
tocolytics and dexamethasone. 

Delivery 

Cesarean section 

Complications 

Maternal; Hemorrhage, shock, and maternal death. Fetal: Prematurity and 
perinatal mortality. 



KEY FACT 


Ectopic Pregnancy 

Implantation of blastocysts outside the uterine cavity. The most common 
location for ectopic pregnancy is the ampulla of the fallopian tube. The rate 
of ectopic pregnancy is 2% of all pregnancies in tbe United States, with Afri¬ 
can Americans at increased risk. Risk factors include previous tubal surgery, 
previous ectopic pregnancy, HID use, PID or previous abdominal surgery, 
infertility. and current smoking. A pregnancy in a patient with an IUD is 
more likely to be ectopic, because the chances of an intrauterine pregnancy 
are greatly reduced. 


The level of |J-hCG doubles every 48 
hours for an intrauterine pregnancy 
(a minimum of every 72 hours). In 
an ectopic pregnancy, the [i-hCG rise 
is slower. 


Presentation 

Patient classically presents with amenorrhea, abdominal pain, vaginal bleed¬ 
ing, fainting, or dizziness. On examination, abdominal tenderness and cervi¬ 
cal mol ion tenderness may be present, and an adnexal mass can be palpable. 


Diagnosis 

Urine pregnancy test, sonogram, and measurement of [3-hCC are extremely 
sensitive diagnostic tests, Transvaginal sonography is more sensitive for a ges¬ 
tational sac. 



FLASH BACK 


MIX inhibits dihydrofolate 
reductase, resulting in a decrease 
in deoxythymidine monophosphate 
levels and a consequent decrease in 
DNA and protein synthesis. 


Treatment 

Medical: Methotrexate (MIX) is the drug of choice fur medical manage¬ 
ment. MTX is a folate antagonist that is able to kill rapidly dividing tropho¬ 
blastic cells. 

Surgical: Laparoscopic salpingostomy or salpingectomy. A laparotomy 
approach can he used in unstable patients (see Figure 9-62). 

Amniotic Fluid Disorders 

Amniotic fluid is produced by the fetus, aids in normal growth and develop¬ 
ment, and helps protect the fetus. Ibo much (polyhydramnios) or too little 
(oligohydramnios) amniotic fluid can lead to abnormalities in the developing 
fetus. 


Polyhydramnios 

May result from inability to swallow amniotic fluid. 

Associated with fetal intestinal atresia, esophageal/duodenal atresia, ancu- 
ecphaly, maternal diabetes, neural tube defects, and multiple gestations, 
amniotic fluid index (AF!) > 24 cm or amniotic fluid volume > 1.5-2 L. 
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FIGURE 9-62. Intraoperative image showing ectopic pregnancy with hemoperitoneum. 

(Courtesy of Dr. Paban SLinnnn, Palau Hospital* Kathmandu, Nepal.) 


Oligohydramnios 

Associated with ruptured membranes, Potter's syndrome, placental insuf¬ 
ficiency, and agenesis of posterior urethral valves (in males) and resultant 
inability to excrete urine. 

AF1 < 5 cm or amniotie fluid volume <0.5 L. 

Hypertensive Disorders 
Preeclampsia 

Defined as ncw-omel hypertension and proteinuria after 20 weeks of gesta¬ 
tion. It has an incidence of 25*6 per 1000 deliveries in the United States. The 
criteria for preeclampsia; 

Systolic BP — 140 mmHg or diastolic BP = 90 mmHg after 20 weeks of 
gestation* on two readings taken 6 hours apart while the patient is on bed 
rest. 

Proteinuria: 0.5 g per 24 hours or more. 

With or without edema. 

Severe Preeclampsia 

Prceclampsia is considered severe if one or more of the fallowing criteria is 
present 

Systolic BP = 160 mmHg or diastolic - BP110 mmHg after 20 weeks of 
gestation measured on two readings taken 6 hours apart while the patient 
is on bed rest. 

Proteinuria: 5 g per 24 hours or +5 or greater on two random samples col¬ 
lected 4 hours apart. 

Oliguria (< 500 mL/24 h). 

Severe headache* 

Cerebral nr visual disturbances. 

Pulmonary edema or cyanosis. 

Epigastric or right upper quadrant tenderness. 

Elevated liver enzymes* 

Low platelets (< lbO^OOO/mm^)* 

Intrauterine growth restriction. 

Death resulting from cerebral hemorrhage and ARDS. 



KEY FACT 


The fetus drinks and pees amniotie 
fluid. Hence, if it can't drink, it gets 
polyhydramnios, and if it can't pee it 
gets oligohydramnios. 



KEY FACT 

L_ 


When preeclampsia presents at 
< 20 weeks gestation, suspect 
an underlying disorder such as 
lupus or a gestational trophoblastic 
neoplasm. 







FLASH BACK 


Prostacyclins and nitric oxide 
(potent) are vasodilators, and 
endothelin (potent), thromboxane 
and angiotensin II are 
vasoconstrictors. 


Eclampsia 

Nevv-onsct grand mal seizure in the setting of precelampsia. The exact etiology 
is not known* [ lie degree of preeclampsia depends on the level of trophoblas¬ 
tic invasion by the placenta* 'Hie pathologic changes lead to intense vasospasm 
caused by the release of various mediators like prostaglandins, and interaction 
among prostacyclins, nitric oxide, endolhelin, and thromboxane A z * 

Presentation 

! Ugh BP with proteinuria or signs of severe precelampsia, as discussed above. 



KEY FACT 


Eclamptic seizures may even occur 
48 hours after delivery. 


Treatment 

Delivery of the fetus is the definitive cure for preeelanipsia. During labor and 
delivery, magnesium sulfate may prevent severe preeclampsia and eclamp¬ 
sia. Hydralazine and labctulol can be used to lower the BP. Vaginal deliv¬ 
ery should he attempted whenever possible, weighing possible risks and 
benefits* 


Gestational Hypertension 

Elevated BP without proteinuria after 20 weeks of gestation and followed h\ 
disappearance within 12 weeks of delivery. 

Preeclampsia Superimposed on Chronic Hypertension 

Sudden or new-unset increase in proteinuria, acute increase in hypertension, 
nr development of HE LLP syndrome* 


HELLP Syndrome 

Hemolysis, Elevated Liver enzymes and Low Platelets in a pregnant 
woman. 

Mortality rate of 7%-35%. 

Can occur during antepartum period and up to 1 week postpartum with or 
without superimposed preeclampsia or eclampsia. 

A positive feedback loop of endothelial damage and platelet activation, 
leading to release of thromboxane A-> and serotonin, causing vasoconstric¬ 
tion and platelet aggregation. 



KEY FACT 


Complete blood count and liver 
function tests should be done in 
any pregnant woman in the third 
trimester presenting with malaise. 



KEY FACT 


Suspect HELLP syndrome in a 
pregnant woman with a low platelet 
count. 


Presentation 

May present with vague complaints of malaise, epigastric pain, nausea and 
vomiting, and headache. 

The diagnosis is often delayed in the absence of superimposed eclampsia. 
Physical examination may reveal epigastric or right hypochondriac tender¬ 
ness, edema, and hypertension wil.li or without proteinuria. 

Diagnosis 

I lemolytie anemia (microangiopathic). 

Elevated liver enzymes and low platelets. 

Treatment 

The best treatment tor HELLP syndrome is termination of the pregnancy* 
Corticosteroids should be given to all patients with HELLP syndrome* 
Severe IIELLP syndrome requires immediate delivery. 
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Sheehan's Syndrome 

Necrosis of the pituitary gland due to postpartum hemorrhage, 

The pituitary gland is enlarged during pregnancy and sudden massive 
bleeding or hypovolemia may cause hypoxia, leading to pituitary necrosis. 
The anterior pituitary is more often involved than the posterior pituitary. 

Presentation 

Difficult)- in lactation or failure to lactate is the most common initial pre¬ 
sentation of Sheehan’s syndrome. 

Other features include oligomenorrhea or amenorrhea. 

Sometimes, if diagnosis is missed at an earlier stage, may present with fea¬ 
tures of panhypopituitarism, such as hypothyroidism, secondary adrenal 
insufficiency, or adrenal crisis. 

Diagnosis 

Diagnosis made by features of hypopituitarism seen in a patient with a his¬ 
tory of postpartum hemorrhage. 

Decreased levels of pituitary hormones, such as TSH. KSH. 1 ,11, and Cl I. 
followed by a decreased level of target hormones, such as thyroxine, corti¬ 
sol, estrogen, and progesterone. 

Treatment 

Replacement of target hormones, such as hydrocortisone, thyroxine, estro¬ 
gen, and progesterone. 

Amniotie Embolism 

Kin holism of amniotie fluid during labor and deliver) 1 . 

I ligh mortality rate of 80%—90%. 

Exact mechanism is not known, hut inflammatory cytokines and mediators 
are probably involved. 

Presentation 

Sudden-onset dyspnea, tachypnea, and cyanosis during or after labor and 
delivery. 

May also present with cardiovascular collapse, hypoxemia, seizures, DIG, 
and bleeding. 

Diagnosis 

ABC shows severe hypoxemia. 

Prolonged bleeding times, clotting times, hypofibrinogenemia, and increased 
fibrin degradation products can occur in the setting of DIG. 

EGG may reveal sinus tachycardia, right ventricular strain pattern, and 
nonspecific ST-segmcnt changes. 

Treatment 

Supportive 

PffOGNOS(5 

tit IT-80% mortality 

Erythroblastosis Fetalis 

Alloimmunization because of maternal exposure to foreign feta! RBCs 
leads to destruction of fetal RBCs bv maternal antibodies directed against 
them. 
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There arc several types of RBC alloimmunization* but the most common 
is Rh incompatibility (especially Rh D). 

Wlien an Rh-negative mother gets sensitized with Rh-positive fetal RBCs* 
antibodies are produced. 

Inuring a subsequent pregnancy, fgO crosses the placenta into the fetus 
and coats Rh-positive fetal RBCs, causing hemolysis, hydrops, and hemo¬ 
lytic disease of the newborn. 

Presentation 

Anemia, hepatosplenomegaly, and jaundice. 

May present with edema, ascites, and pericardial and pleural effusion. 
Respiratory distress due to deficiency of surfactant, pulmonary hypoplasia, 
pleural effusion, and/or pericardial effusion, 

Diagnosis 

Blood typing, Rh factor, and antibody screening of all pregnant patients, 
with paternal testing if maternal antibodies are found. 

Treatment 

Rh immune globulin is given to the mother at 2b weeks of gestation, and 
again within 72 hours after delivery as prophylaxis. 

Routinely IgD is also given to the Rh-negative mother after abortion, 
DlVC, amniocentesis, chorionic villus sampling, abruptio placentae, 
placenta previa, and ectopic pregnancy, or after any bleeding during 
pregnancy. 


GESTATIONAL NEOPLASMS 



KEY FACT 


The amount of hCG is directly 
proportional to the volume of 
trophob lasts. 


Hydatidiform Mole 

Disorder resulting from abnormal fertilization of an ovum, characterized by 
abnormal proliferation of trophoblastic cells. The incidence is 7—10 times 
higher in Southeast Asian countries compared with the Western world. 
Occurs in 1 of t 500 live births in the United States. Risk factor for complete 
mole is increased maternal age only. Increased maternal age is not a risk fac¬ 
tor for incomplete mole. 

Hydatidiform mole has two different types: 

Complete mole: Results from fertilization of an empty ovum by the hap¬ 
loid sperm. The nuclear material of the haploid sperm divides and forms 
diploid chromosomes (46,XX). Therefore, the complete mole is com¬ 
pletely paternal in origin. Fetal parts am completely absent 
Partial mole: Results from fertilization of a normal ovum by two sperm 
cells. It has triploid sex chromosomes (69*XXY or 69,XXX}. Partial mole 
is both maternal and paternal in origin and contains partial or identifiable 
fetal parts. 


HiSTOLoctc Features 

Complete mole: Generalized swelling of chorionic villi (hydropic villi), 
diffuse trophoblastic hyperplasia, and marked trophoblastic alypia. (fetal 
RBCs are absent. 

Partial mole: Focal swelling of chorionic villi, focal trophoblastic hyper¬ 
plasia, and mild trophoblastic atypia. I fetal RBCs are usually present. 
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Presentation 

Complete mole: First-trimester vaginal bleeding is ihc most common pre¬ 
sentation. Additional features include excessive elevations in hCG, thcca 
lutein cysts over 5 cm in diameter* excessive uterine size* hyperemesis 
gravidarum, prccchnipsia in the first trimester, and hyperthyroidism. 
Partial mole: Vaginal bleeding or the features of missed or incomplete 
abortion arc the most common presentations of partial mole The uterus is 
usually small for date. 

Diagnosis 

Complete mole: hCG is excessively elevated. Sonography is sensitive and 
specific, revealing a “snowstorm” pattern {see Figure 9-63). Honeycombed 
uterus* appearance like a cluster of grapes on imaging, and swollen villi 
without fetal RBCs are other important features. 

Partial mole: hCG is infrequently elevated above levels that are normal 
for pregnancy. Sonography shows focal cystic changes in the placenta and 
a ratio of transverse to anteroposterior diameter >1.5. 


Treatment 

Suction curettage is the method of choice for evacuation of the uterine 
cavity. It should be followed by curettage with a sharp curette to confirm 
complete evacuation of Ihc products of conception. 

Follow-up: Post-evacuation molar pregnancy should he followed up with 
weekly hCG level liters until 5 consecutive levels are negative. 

Prognosis 

With complete mole, there is an 18%—28% chance of development of 
post-molar gestation trophoblastic neoplasia (invasive mole and choriocar¬ 
cinoma). After partial mole, is it 2%-4%. 

Choriocarcinoma 

These are aggressive, malignant tumors composed of cytotrophoblasts and 
.svnfytiotrophohlasls arising from gestational chorionic epithelium. "They usu¬ 
ally follow evacuation of a mole, and 2% of complete moles go on to become 
choriocarcinoma. 



KEY FACT 


Fifty percent of gestational 
choriocarcinomas are derived 
from term pregnancies, 25% from 
complete moles, and 25% from 
spontaneous abortions or ectopic 
pregnancies. 



A B 


FIGURE 9 - 63 , Hydatidiform mole, (A) Sonogram demonstrating complete mole with llicca It item cyst (tl). (B) Transverse sonogram 
of the same patient. (Courtesy of Or, K Santos as published in Cnimingham FC, Lcvcno K!„ Bloom SL, et ah Williams Obstetrics* 22nd 
cd, New York: McCrmv-l 1.11, 2007: 278*) 
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Presentation 

Recurrent vaginal bleeding after evacuation of a mole or following deliv¬ 
ery, ectopic pregnancy, or abortion. hCG levels continue to rise post- 
evacitation. Histologically, the cancer appears as hemorrhagic, necrotic 
masses within the uterus. Chorionic villi arc not present. 

Metastnses travel through the blood and seed the lung {50%), vagina 
(55%), liver, and brain. Chemotherapy (methotrexate) is often curative. 


BREAST DISEASES 


Benign Breast Disease 

The female breast progresses through normal anatomic changes during prc-. 
peri-, and postmenopausal years. Differentiating normal from pathologic ana¬ 
tomic changes is important in clinical practice and in answering test ques¬ 
tions. Keys to identifying the underlying disease process arc the patient's age, 
history, changes related to the menstrual cycle, nipple discharge, and findings 
on ultrasound, mammogram, or biopsy (see Table 9-20). 



KEY FACT 


Intraductal papilloma is the most 
common cause of bloody nipple 
discharge in women younger than 
50. 


Fibrocystic Change 

Fibrocystic changes arc common, benign changes involving the tissues of the 
breast that causes lumps. These changes arc the consequence of exaggerated 
cyclic menstrual cycling, and arc divided into the following: 

Nonproliferative (cysts and fibrosis): The most common fibrocystic 
change, it is characterized by an increase in Fibrous stroma associated with 
dilation of duels and formation of cysts of various sizes without epithelial 
tell hyperplasia. Calcifications will be detected on mammography. 
Proliferative (hyperplasia and sclerosing adenosis): The terms epithelial 
hyperplasia and proliferative fibrocystic change encompass a range of 
lesions within the ductules, terminal ducts, and sometimes lobules of the 
ducts. Atypical hyperplasia is associated with the development of carci¬ 
noma, and are estrogen-sensitive. 

Intraductal Papilloma 

A neoplastic papillary growlh (double-layered epithelial cells overlying a myo¬ 
epithelial layer) within a duet, most often within the principal lactiferous 


TABLE 9-20, Classification of Benign and Malignant 
Breast Diseases 


Benign Breast Diseases 

Breast Carcinoma 

Fibrocystic changes 

Carcinoma in situ 

Intraductal papilloma 

Ductal 

Fibroadenoma 

Lobular 

Cystosareoma phyl lodes 

Frank carcinoma 

Traumatic fat necrosis 

Ductal 

Acute mastitis 

Medullary 

Tubular 

Mucinous (colloid) 
Papillary 

Inflammatory 

Lobular 

IUI ... . IImm 
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ducts or sinuses. 'I lie presentation includes serous or bloody nipple discharge, 
subareolar tumors, or, rarely, nipple retraction. There may be a single pap¬ 
illary growth ot multiple growths (more likely to be subsequently associated 
with carcinoma). 

Acute Mastitis 

Inflammation of the breast tissue caused by infection. Bacteria arc the most 
common pathogen; fungi are rare. Staphylococcal infections can lead to 
abscess formation. Treatment includes antibiotics (cephalosporins, did oxacil¬ 
lin) and continuation of breast feeding (if caused by milk engorgement). 

Traumatic Fat Necrosis 

An uncommon and innocuous lesion significant only because it produces a 
mass, usually after some antecedent trauma to the breast. The lesion consists 
of a central focus of necrotic fat cells surrounded by PM Ns; it later becomes 
enclosed by fibrous tissue, and then scars. The necrotic fat is phagocytosed 
by macrophages, which thus become lipid-laden. Can progress and cause 
skin retraction. 

Fibroadenoma 

This most common benign tumor of the female breast is thought to lie 
caused by an increase in estrogen activity. Crossly, fibroadenomas arc linn, 
with a uniform tan-white color on cut section, punctuated by softer yellow- 
pink specks. Clinically, they present as a soli tans discrete, movable mass in a 
young woman and rarely become malignant. 

Cystosarcoma Phyllodes Tumor 

Arises from the intralobular stroma and rarely from pre-existing fibroadenoma. 
11 is the malignant counterpart of fibroadenoma, Most grow to a massive size, 
distending the breast. On gross section, they exhibit leaf-like clefts and slits 
(phvllon is Greek for leaf). Only about 15% are malignant and less than 20% 
metastasize. There is no ductal invasion, and therefore no bleeding. 

Breast Cancer 

Breast cancer will affect nearly one in eight females during their lifetime. Risk 
factors include family history, early mcnarehc, late menopause, late first 
pregnancy (after >0 years), nulliparity, never having breast-fed, previous his¬ 
tory of breast cancer, and family history of first-degree relative with breast 
cancer at a young age. Women having mutations in BRCAJ and BRCA2 
genes have a 6fl%-80% chance of developing breast cancer in their lifetimes. 
BRCAJ and BRCA2 gene mutations arc transmitted in autosomal dominant 
fashion. 

Presentation 

The initial chief complaint may be a palpable breast mass. Others may pres¬ 
ent with abnormal ma mi nographic findings such as irregular masses and cal¬ 
cifications. 'Hie key to identifying the underlying pathology involves breast 
examination and tissue biopsy of the mass. 

Classification of Breast Cancer 
Carcinoma in Situ 

Ductal carcinoma in situ (DOS): Usually arises from the terminal dud 
lobular unit, filling and distorting involved lobules and underlying archi- 



KEY FACT 
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Staphylococcus causes localized 
abscess, while Streptococcus 
causes dissemination throughout the 
breast. 



KEY FACT 


Tamoxifen acts as nn antagonist 
tn breast tissue and an agonist in 
endometrium and bone tissue. 
Raloxifene acts as an antagonist 
in breast tissue and an agonist in 
bone tissue. It has no effect on the 
endometrium. 



KEY FACT 


The most common site for breast 
cancer is the upper outer quadrant, 
including the axilla, because 
lymphatics drain into this area. 


U 







lecture, thereby appearing to involve duct-like spaces. Patients are likely 
to develop invasive cancer if not treated;, therefore, DC1S is considered a 
precursor of invasive cancer if not treated. 

Lobular carcinoma in situ (LCIS): Involves the terminal duct lobular 
unit. Signet ring cells are common. LCIS carries a 25 risk of devel¬ 

oping trank breast cancer in either breast, sometimes after a latency of up 
to 40 years, LCIS is considered to indicate a propensity for breast cancer 
rather than being a true precursor. 

Frank Carcinoma 

The two types are ductal and lobular. 

Ductal 'lerm used for all carcinomas that cannot be stibelassified into one 
of the specialized types listed below, and accounts for most breast cancers 
(70$—80%). It is usually associated with DOIS. Invasion of lymphovascular 
spaces or nerves may be seen. Roughly two-thirds express estrogen-progestin 
receptors and about one-third overexpress erb-112. Types of frank ductal carci¬ 
noma include the following: 

Medullary': \%- 5 % of all breast cancers. Occur at younger age. Although 
they lack estrogen and progesterone receptors, they have a better 
prognosis. 

Tubular: Presents as irregular mamtuograpliic densities. Tile carcinoma 
consists of well-formed tubules with low-grade nuclei. Affects young 
females. Metastases are rare, prognosis is good, and hormone receptors are 
normally expressed. 

Mucinous (colloid); Cancer cells produce mucus and grow into a jelly- 
like tumor; associated with a better prognosis and usually affect the elderly 
Papillary: Papillary architecture and fibre vascular cores. Often expresses 
progesterone and estrogen receptors. 

Inflammatory: Presents as an enlarged, swollen, erythematous breast, usu¬ 
ally without a palpable mass. The blockage of numerous dcrrnal lymphatic 


TABLE 9 - 2 i . Characteristics of Different Subtypes of Invasive Ductal Carcinoma 


1 Nl IMMliWIfilllllltlBItH! 

Type 

Ace 

Pathological Findings 

Prognosis 

Medullary 

Young 

Sheet-like growth with absent ducts or alveolar 
pattern. 

EsUogen/progesterone receptor absent 

Better 

Tubular 

Young 

Well-formed tubules with low-grade nuclei. 
Estrogen/proge stereo e receptor present 

Better 

Mucinous 

Elderly 

Neoplastic cells surrounded by mucin. 
Estrogen/progesterone receptor present. 

Better 

Papillary 

Elderly 

Papillary architecture with fibrovascular cores. 
Estrogen/progesterone receptor present. 

Better 

Inflammatory 

Young 

Swollen, erythematous base with Invasion to 
dermal lymphatics. 

Estrogen/progestemne receptor present in 

<50%. 

Poor 
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spaces by carcinoma results in the clinical appearance. Most of these have 
distant nictastases and an extremely poor prognosis. 

Lobular. Often trilateral but less common than infiltrating ductal carcinoma. 
The cells invade individually into stroma and are often aligned in strands or 
chains* Lobular carcinomas, more often than ductal carcinomas, metastasize 
to CSF and elsewhere. Nearly all of these tumors express hormone receptors. 
Table 9-21 summarizes characteristics of different subtypes of invasive ductal 
carcinoma. 



Gonadotropin-Releasing Hormone Agonists (Ruserelin, Gonadorelin) 
Mechanism 

Influences the anterior pituitary and secretion of LSI I and LH. Synthetic 
GnRH is termed gonadorelin (sec f igure 9-39)* Secretion of GnRl I is con¬ 
trolled by neural input from other parts of the brain and* through negative 
feedback, by sex steroids. 

Uses 

Pituitary function stimulation and infertility treatment, GnRl I can be used to 
induce hypogonadism and treat prostate cancer, uterine fibroids, endometrio¬ 
sis, polycystic ovary syndrome, and precocious puberty. 

Side Effects 

Headache* Hghtdieadedness, nausea, and hypoestrogenic state; affects the 
cardiovascular, skeletal, and urogenital systems while producing vasomotor 
symptoms. 

Gonadotropin-Releasing Hormone Antagonists (Danazol, Ganirefix) 
Mechanism 

Inhibits gonadotropin secretion and reduces estrogen synthesis. 

Uses 

Endometriosis, menorrhagia, and gynecomastia. 

Side Effects 

G1 disturbances, weigh I gain, thud retention, dizziness, muscle cramps, head¬ 
ache, and virilizing effect in females. 

Gonadotropin-Modulating Agents (Leuprolide, Goserelin) 

Mechanism 

Acts as ail agonist when used in pulsatile fashion but acts as an antagonist 
when used in continuous fashion. Leuprolide and goserelin are synthetic pep¬ 
tide analogs of GnRl I. These analogs arc more potent than natural hormone. 

Uses 

Infertility (used in pulsatile fashion). Prostate cancer and uterine fibroids 
(continuous; use with flutainide). 
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Side Effects 

Antiandrogcn* nausea, vomiting. 


DRUGS TO MODULATE THE FEMALE REPRODUCTIVE 5YSTEM 


Oral Contraceptives, Combined Pills (Progesterone and Estrogen) 
Mechanism 

Inhibits secretion of FSH via negative feedback, suppresses development of 
ovarian follicles, and inhibits secretion ofLH, preventing ovulation. 

Uses 

Contraception, reduction of eiulnmctrial/nvunaii cancer risk and incidence of 
ectopic pregnancy, and pelvic infections. 

Side Effects 

Increased risk of breast cancer in women receiving hormone replacement 
therapy and increased triglyceride levels. Increased risk for depression, weight 
gain, nausea, hypertension, and hypcrcoagnlable state. Progesterone side 
effects include nausea, tin id retention, and weight gain. 

Trastuzumab (Herceptin) 

Mechanism 

Helps kill breast cancer cells that overexpress IIKR-2, possibly through anti¬ 
body-dependent cvtotoxicity, Herceptin is a monoclonal antibody against 
IIKR-2 (erb-B2). 

Uses 

Metastatic breast cancer. 

Side Effects 

Cardjntoxicity. 

Mifepristone (RU-486) 

Mechanism 

Competitive!} inhibits progestins at progesterone receptors. 

Uses 

Pharmacologic alternative to surgical termination of pregnancy. 

S/of Effects 

Diarrhea, pain, heavy bleeding, Cl effects, nausea, vomiting, anorexia, 
abdominal pain. 

Estrogen, Raloxifene 

Mechanism 

Binds to intracellular receptors and affects gene regulation. Site of action is 
the nucleus. 
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Uses 

Replacement therapy as in hypo-ovarian conditions, treatment of menopause, 
and contraception. Raloxifene (selective estrogen receptor modulator, SERM) 
is used fur osteoporosis. 

Side Effects 

'tenderness in breasts, nausea, vomiting, anorexia, salt and water retention, 
increased thromboembolism risk. 

Clomiphene 

Mechanism 

Partially activates estrogen receptors in the pituitary gland, Clomiphene pre¬ 
vents normal feedback inhibition and increases release of Ml and FSH from 
die pituitary, which stimulates ovulation. 

Uses 

Infertility treatment. 

Side Effects 

Increased risk of multiple pregnancies, hot flushes, ovarian enlargement, 
visual disturbances. 

Tamoxifen 

Mechanism 

Upregulatcs transforming growth factor-ji (TCF-p) a cytokine. Tamoxifen is a 
nonsteroidal partial agonist-inhibitor of estrogen. 

Uses 

Osteoporosis, estrogen-sensitive breast cancer, progesterone-resistant endome¬ 
trial and ovarian cancers, melanoma and osteoporosis prevention. 

Side Effects 

May increase the risk of endometrial carcinoma via partial agonist effects; hot 
flashes. 

Hydroxy progesterone, Norethisterone 
Mechanism 

Forms intracellular complex, enters the nucleus and alters gene expression. 
Progesterone stimulates endometrial glandular secretions and spiral artery 
development for maintenance of pregnancy. 

Uses 

Hormone replacement therapy and hormonal contraception. 

Side Effects 

Increased BP. increased incidence of thromboembolism, weak androgenic 
effects, acne, fluid retention, weight change, depression, change in libido, 
breast discomfort, premenstrual symptoms, irregular menstrual cycles, and 
breakthrough bleeding. 
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Oxytocin, Ergometrine 
Mechanism 

Releases intracellular calcium stores leading to contraction of smooth muscle 
cells in the uterus and mvoeplhelial cells in the mammary gland, upon stimu¬ 
lation of the oxytocin receptor, which belongs to a class of G-protein-coupled 
receptors* 

Uses 

Uterine contractions. Oxytocin induces milk let-down and is also used for 
control of postpartum uterine hemorrhage. 

Side Effects 

Normal doses have few reported side effects. Reported adverse reactions arc 
maternal deaths due to hypertensive episodes* uterine rupture, water intoxica¬ 
tion, and fetal deaths. 

Ritodrine, Sal mete rot 
Mechanism 

Inhibits oxytocin. 

Uses 

Blockade of uterine contractions. These uterine relaxants are used in selected 
patients to prevent premature labor occurring between 22 and 33 weeks of 
gestation. 

Side Effects 

Risks to the mother, such as pulmonary edema, tremor, and arrhythmia. 

Ketoconazole, Spironolactone 
Mechanism 

Inhibits steroid synthesis, displaces estradiol and dihydrotestosterone from sex 
hormone-binding protein, and increases the estradiol:testosterone ratio. 

Uses 

Polycystic ovarian syndrome and hirsutism. Anliandrogen. 

Side Effects 

Liver toxicity, which is rare but fatal. Ollier side effects include GI distur¬ 
bances, pruritus, gynecomastia. 


DRUGS TO MODULATE THE MALE REPRODUCTIVE SYSTEM 


Testosterone 

Mechanism 

Modifies gene transcription upon conversion to diliydrotestasteroue in target 
cells. Testosterone regulates U I production in anterior pituitary cells* 
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Uses 

Replacement therapy in testicular failure, anemia, and as an anabolic agent. 

Side Effects 

Eventual decrease of gonadotropin release, with resultant infertility and salt 
and water retention; edema. 


Finasteride 

Mechanism 

Inhibits the 5 a-reductase enzyme that converts testosterone to di hydro- 
testnsterone. 

Uses 

Benign prostatic hyperplasia, male pattern baldness, antiandrogen. 

Side Effects 

Decreased libido, erectile dysfunction. Women who arc or may potentially be 
pregnant must not use finasteride since it may cause hypospadias in a male 
fetus. 


Flutamide 

Mechanism 

inhibits androgens at the testosterone receptor. 

Uses 

Prostate carcinoma, hirsutism in women, antiandrogen. 

Side Effects 

Decreased libido, decreased volume of ejaculate, impotence, breast tender¬ 
ness or enlargement. 


Sildenafil, Vardenafil, Tadalafil 
Mechanism 

Inhibits cGMP phosphodiesterase, causing increased cGMP levels. Increased 
cGMP levels vasodilates vascular smooth muscle in the corpus cavernosum 
and increases blood flow for penile erection. 


Uses 

Erectile dysfunction 

Side Effects 

Headache, flushing, dyspepsia, alterations in blue-green color vision, risk of 
life-threatening hypotension in patients taking nitrates. 




MNEMONIC 


Sildenafil, vardenafil, and tadalafil 
Fill the penis. 







Key Terms 
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Cryptorchidism 

Failure of one or both testicles to descend from the celomic 
cavity into the pelvis and then the scrotum during development. 
Associated with fourfold increased risk of testicular cancer. 

Chylocele 

Lymphatic fluid within the tunica vaginalis causing scrotal 
enlargement. 

Elephantiasis 

Severe scrotum and lower extremity edema secondary to lymphatic 
obstruction. May be caused by filariasis. 

Epididymitis 

Inflammation of the epididymis, causing tenderness, groin pain, 
fever, and chills. Associated with UTIs/STDs. 

Gafactocele 

A cystic dilation of an obstructed dud that arises during lactation. 

Hematocele 

Blood within the tunica vaginalis causing scrotal enlargement. 

|}-Human chorionic 
gonadotropin 
(|MiCG) and 
a-fetoprotein (AFP) 

Tumor markers important in evaluation of germ-cell testicular 
cancers. Useful for monitoring persistent or recurrent tumors after 
therapy. 

Hydrocele 

Most common cause of scrotal enlargement, caused by serous fluid 
within the tunica vaginalis. 

Orchitis 

Testicular inflammation causing pain and swelling. Associated with 
mumps, syphilis, and UTIs, with infection ascending through the vas 
deferens or lymphatics of the spermatic cord to the testes. 
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DEVELOPMENTAL ABNORMALITIES 


Bicornuate Uterus 

Hie ulcms is divided by an incomplete septum into two compartments. The 
vagina is normal. Caused by incomplete fusion of the para mesonephric ducts. 
May cause fertility issues later in life. 

Hypospadias 

Abnormal opening of the urethra anvwlicrc along the ventral aspect of the 
penis. The urethra is often constricted, causing urinary obstruction. 

Epispadias 

Abnormal urethral opening on the dorsal aspect ul the penis. May cause uri¬ 
nary obstruction due to a constricted urethra or incontinence. 
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SEX CHROMOSOME ABNORMALITIES 


Klinefelter's Syndrome (47.XXY) 

Affects I in 500 men. Abnormalities appear in puberty when secondary .sex¬ 
ual characteristics fail to develop. The classic presentation is a tall male with 
scant body hair and gynecomastia. Due to testicular atrophy, there are low lev¬ 
els ot testosterone and sterility is a frequent complication. 1 listologically, there 
is hvahnizatioii of the spermatic tubules and prominent Leydigs cells. 

Turner's Syndrome (45,XO) 

Primary hypogonadism in phenotypic females resulting from partial nr com¬ 
plete monosomy ot the short arm of the X chromosome. Affected girls fail to 
develop secondary sex characteristics, lire genitalia remain infantile, and little 
pubic hair appears. Patients are generally short with a "shield chest.” Short 
stature and primary amenorrhea in adult patients should prompt strong sus¬ 
picion. Further evaluation will show “streak ovaries.” There is an association 
with aortic coarctation. 


PROSTATIC DISEASE 


The prostate can be affected by several pathologic processes: infectious* hyper¬ 
plastic, or neoplastic. The typical presentation is a male > 5(1 years old with 
urinary symptoms. Age of the patient is important in determining the cause. 
Symptoms include pain* discomfort, or difficulty with urination, lower back 
pain* hematuria* nr urethral discharge. Physical exam may show a tender or 
enlarged prostate by digital rectal exam and an elevated prostate-specific anti¬ 
gen (PSA), 

Prostatitis 

Inflammation of the prostate caused by many of the same organisms that 
cause UTIs. Manifestations of prostatitis include dysuria, urinary frequency, 
lower back pain, and poorly localized pelvic pain. May be acute or chronic as 
determined by microscopy. 

Acute: Neutrophilic infiltrate, congestion, and edema. Microabsccsses 
may form. I be prostate is often tender and boggy. Leukocytosis and fever 
arc also seen. 

Chronic; Tissue destruction, increased fibroblasts* and inflammatory cells. 
Can be caused by recurrent UTIs or STDs. 

Benign Prostatic Hypertrophy (BPH) 

More common in males > 50 years old. Characterized by cellular prolifera¬ 
tion (in the central portion) causing gland enlargement, which compresses 
the proslatic urethra with resultant urinary obstruction. Symptoms include 
urinary hesitancy* painful distention of the bladder, and hydronephrosis. 

Dihydrotestosterone (DMT): An androgen derived from testosterone 
through the action of 5 a-red ncta.se (pharmacologic target) dial stimulates 
gland proliferation in [raticuts with BPH, 

Corpora amylacea: Proteinaceous material trapped in the glandular 
htmina of the hyperplastic gland. 

Prostate Cancer 

Most commonly adenocarcinoma. Small glands infiltrate adjacent stroma in 
a haphazard pattern. Neoplastic glands lie “back-to-back" and are lined by a 
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single laver of cuboidal cells. Prostate cancer often develops in the periphery 
of the gland, causing urinary symptoms to present much later. Digital rectal 
exam (DRK) may show discrete nodules in the gland periphery. 

Prostatic intraepithelial neoplasia (PIN); Glands adjacent to areas of 
invasive carcinoma contain foci of epithelial atypiu and may be a precan- 
cerous finding. 

Osteoblastic metastasis: Bone tnclastascs are common, especial!) to the 
vertebral column. Lesions arc osteoblastic and may cause lower back 
pain. 

PSA; Enzyme produced by prostatic epithelium which can be measured 
in the serum (normal is under 4 ng/niL). Can be elevated in BP11 and 
cancer. Used in combination with ORE, 


GESTATIONAL TROPHOBLASTIC DISEASE 


Caused by abnormal fertilization. Women may present with a positive preg¬ 
nancy test, vaginal bleeding, enlarged uterus, and passage of “vesicles” from 
the vagina, Risk factors include nullparity, smoking, and extremes of reproduc¬ 
tive age. All produce human chorionic gonadotropin (hCG) at levels higher 
than those seen in a normal pregnancy. Scrum hCG levels can be used for 
diagnosis and to monitor effectiveness of treatment (levels will decrease with 
i nereased effectiveness). 

Hydatidiform Mole 

A mass of swollen, dilated chorionic villi that grossly appear as grape-like 
structures. There arc two subtypes based on abnormal fertilization. 

Complete hydatidifonii mole: Never contains fetal parts. Villi are 
hydropic and chorionic epithelial cells are diploid. 

Partial hydatidiform mole: Compatible with early embryo formation and 
may contain fetal parts. Some villi are normal and almost all arc triploid. 

Invasive Mote 

Complete mole that is locallv invasive but does not have the aggressive meta¬ 
static potential of a choriocarcinoma. Retain hydropic villi that penetrate the 
uterine wall causing severe hemorrhage. Chemotherapy is curative. 

Choriocarcinoma 

Aggressive, malignant tumors composed of cvtotrophoblasts and svney- 
tiotrnphoblasts arising from gestational chorionic epithelium. The tumors 
are hemorrhagic, necrotic masses within the uterus. Chorionic villi are not 
present. Clinically presents with bloods, brownish discharge and rising hCG 
titer, Metaslascs travel through the blood and seed the lung ( 50%) and vagina 
(35%), Chemotherapy is curative. 


PREGNANCY-INDUCED HYPERTENSION 


There are several physiologic changes seen in the pregnant female. HP is one 
parameter that can be altered to a pathologic state. Symptoms include signs of 
end-organ vasoconstriction: headaches, blurry v ision, elevated liver function 
tests, edema, altered mental status, ami abnormal reflexes. Severity progresses 
along a continuum. 








Gestational Hypertension 

Onset of hypertension after 20 weeks gestation without signs and symptoms of 
proteinuria or edema. Some patients will progress to preeclampsia. 

Preeclampsia 

The development of hypertension after 2b weeks gestation accompanied by 
proteinuria and edema. 

HELLP syndrome: Hemolysis, Elevated LfTs, and Low Platelets, Syn¬ 
drome associated with preeclampsia. 

Eclampsia 

Most severe form. Symptoms of preeclampsia with convulsive seizures. May 
lead to disseminated intravascular coagulation (DIC). The cause is believed 
to be related to inadequate maternal blood flow to the placenta secondary to 
inadequate development of the spiral arteries. 


COM PLICATIONS IN PREGNANCY 


Abruptio Placentae 

Separation of the placenta from the uterine wall. May follow a history of 
trauma. Associated with maternal cocaine use, cigarette smoking, and hyper 
tension. Presents with abdominal pain and vaginal bleeding. 

Placenta Accreta 

Growth of the placenta into the myometrium. Prior cesarean section increases 
risk. Presents with abnormally heavy vaginal bleeding following childbirth. 

Placenta Previa 

Abnormal implantation of the placenta over the cervical os. Presents with 
painless vaginal bleeding. 

Ectopic Pregnancy 

Ectopic pregnancy is implantation of the fertilized ovum in any site other 
than intrauterine. Most commonly (90%), implantation is in the oviducts 
(tubal pregnancy}. Indistinguishable from normal pregnancy until rupture 
occurs. Rupture causes intense abdominal pain followed hv shock secondary 
to blood loss. 1'his is a surgical emergency. 


PERINATAL INFECTIONS 


The fetus is vulnerable to several types of infection and can be separated In 
the route of infection. The infection can he ascending from the cervicovagi¬ 
nal canal or hematologic from the placenta, t he transplacental infections can 
be summarized as the 'TORCHES infections. 

Toxoplasmosis 
Other infections 
Rubella 

Cytomegalovirus 
I lerpes simplex/! IIV 
Enteroviruses 
Syphilis 
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AMNIOTIC FLUID 


The amniotic fluid is produced by the fetus and aids in normal growth and 
development, and helps to protect the fetus. Too much (polyhydramnios) or 
loo little (oligohydramnios) amniotic fluid can lead to abnormalities in the 
developing fetus. 

Polyhydramnios 

Associated with fetal intestinal atresia, anenccphaly, maternal diabetes, and 
multiple gestation. 

Oligohydramnios 

Associated with ruptured membranes, Poller’s syndrome, and renal abnormali¬ 
ties or chromosomal abnormalities. 


VAGINITIS 


Inflammation of the vagina that produces a discharge (lcitkorrhea). The 
underlying cause can often be determined clinically by the characteristics ol 
the discharge (appearance and odor) and microscopic analysis of the discharge 
(K( )l i and wet-prep). 

Candidal Vaginitis 

Produces curdy, white discharge. KOI I preparation shows yeast. 

Trichomonas vaginalis 

Watery, copious gray-green discharge. Wei prep shows motile organisms. 

Bacterial Vaginosis 

Discharge is grayish with fishy odor. KOH preparation will release a strong 
amine odor (positive whiff test). Bacteria can be seen adherent to epithelial 
cells (clue cells) on a wet-prep slide. 


VAGINAL CANCER 


Rare, 1 1 'hcrc arc two scenarios with which to be familiar 

Clear Cell Adenocarcinoma of the Vagina 

This develops in girls in their late teens whose mothers look dietfiylstilbestrol 
(an estrogen once believed io prevent miscarriage) (luring pregnancy. In 
one-third of the at-risk population, small glandular or microcystic inclusions 
appear in the vaginal mucosa (vaginal adenosis). 

Sarcoma Botryoides 

Rare (except on exams). Encountered in girls under i years who present w ith 
soft polypoid masses that protrude from the vagina. 


CERVICAL PATHOLOGY 


The cervix can be affected by infectious and malignant pathogens, Posteuital 
spotting, abnormalities of the menstrual cycle, and systemic symptoms can be 













signs of cervical pathology. A pelvic exam may show masses, polyps, cysts, or 
inflammation. 

Cervicitis 

Inflammation of the cervix characterized by redness, vaginal discharge, ildi- 
ing, and burning. The microorganisms that cause inflammation can be infec¬ 
tious or non-infcctious (normal flora). The most important cause of cervi¬ 
citis is sexually transmitted infections, such as by Chlamydia trachomatis. 
Urea pi as am t trealylicum, Neisseria gonorrhoeas, and herpes simplex virus. 

Cervical Cancer 

Early cervical cancer is often asymptomatic. Symptoms of postcoital vaginal 
bleeding, abnormal vaginal bleeding, ora mucinous discharge are usually late 
signs of disease. Papanicolaou screening (Pap smear) is a screening test that 
looks for abnormal cervical cells while the patient is asymptomatic. Risk fac¬ 
tors for development include early age at first intercourse, multiple partners, 
and high-risk 1IPY infection. 

High-risk HPV (Types 16 and lb): HPV infections can be detected in 
8536—911% of eases, IIPV types 16 and 18 integrate into the host's DNA and 
inactivate I Pss and RBI. allowing uncontrolled cellular proliferation. 


UTERINE PATHOLOGY 


Clues to uterine pathology include lower abdominal pain, changes in the 
menstrua) cycle (more or less frequent, heavier or lighter), or the range of con¬ 
stitutional symptoms (fever, chills, and unintentional weight loss), 'lb deter¬ 
mine the specific underlying cause* pay attention to the age of the patient and 
the characteristics of the menstrual cycle with regard to symptoms. 

Endometritis 

Infection of the endometrium. Frequently preceded by parturition or miscar¬ 
riage and is related to retained products of conception. Presents with fever and 
abdominal pain in the postpartum period* Chronic endometritis can occur 
in association with chronic gonorrheal disease* miliary tuberculosis* IUIX or 
spontaneously. 11 biologically* there is irregular proliferation of the glands with 
chronic inflammatory cells present. 

Endometriosis 

Foci of endometrial tissue outside of the uterus* commonly in the pelvis* peri¬ 
toneal cavity* or lymph nodes. Clinically presents with dysparcunia (painful 
intercourse), dysmenorrhea (painful menstruation)* and dyschczia (painful 
defecation)* Patients who undergo laparoscopy may have burn lesions visual¬ 
ized in the pelvis. The underlying cause may be due to menstrual backflow, 
endometrial differentiation of celomic epithelium, or vascular/lymphatic dis¬ 
semination* The histologic diagnosis of endometriosis at all sites needs two of 
these three elements: endometrial glands, stroma, or hemosiderin pigment* 

Adenomyosis 

Growth of the endometriums basal layer into the myometrium. The uter¬ 
ine wall becomes thickened due to reactive hypertrophy of the myometrium. 
Marked involvement may produce menorrhagia, dysmenorrhea, and pelvic 
pain prior to menstruation, but is unusual since the proliferating stratum 
ha salis is nonfunctional * 
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Endometrial Carcinoma 

The most frequent cancer ot the Female genital tract, with peak incidence 
between 55 and 65 years old. Risk Factors include obesity, diabetes, hyperten¬ 
sion, and inFertility (too much estrogen is had). The first clinical manifesta¬ 
tions are leukorrhca and irregular bleeding (a red flag in postmenopausal 
women). 

Endometrioid: Carcinomas frequently arise on a backdrop of endometrial 
hyperplasia. These tumors arc termed endometrioid because they appear 
similar to normal endometrial glands. They originate in the mucosa and 
may infiltrate the myometrium and enter the vascular spaces, with rnctas- 
tases to regional lymph nodes. 

Papillary serous and clear cell: Poorly differentiated cancers that do not 
arise from endometrial hyperplasia and arc much more aggressive tumors, 

Leiomyoma (Fibroids) 

The most common benign tumors that arise from the smooth muscle cells 
in the myometrium. Estrogens may stimulate growth. Sharply circumscribed, 
firm, gray-white masses with a characteristic whoried cut surface. The most 
common clinical manifestation is menorrhagia. 

Intramural: Tumors embedded within the myometrium 
Submucosal: Tumors directly beneath the endometrium. 

SubserosaI: Tumors directly beneath the serosa. 

Leiomyosarcoma 

Arises from mesenchymal cells of the myometrium, not from preexisting leio¬ 
myomas. Appears similar to leiomyomas but diagnostic features include rela¬ 
tively frequent mitoses, with or without cellular atypia, or less numerous mito¬ 
ses with cellular atypia. 


POLYCYSTIC OVARIAN SYNDROME 


A syndrome caused by ovulatory dysfunction and hypergonadism* Oligom¬ 
enorrhea (light or infrequent menstruation), hirsutism (excessive hairiness), 
infertility, and obesity may appear in girls after menarclie due to excessive 
production of androgens by multiple cystic follicles in the ovaries. The ovaries 
are twice normal size and studded with cortical cysts. There is cortical stromal 
Fibrosis beneath which are innumerable cysts. 

Luteinizing hormone (LH): High levels are present in polycystic ovary 
patients. 

Follicle-stimulating hormone (FSH): Low levels are present m polycystic 
ovary patients. 

Associations: Type 2 diabetes and cardiovascular disease* 


OVARIAN CYSTS 


Common lesions that originate in unruptured follicles or follicles that rupture 
and quickly seal The cysts are usually multiple, small, and filled with serous 
fluid. They aie lined by granulosa or luteal cells. Cysts can grow large and 
rupture, producing inlraperitoncal bleeding and abdominal pain. 

Follicular Cysts 

Distention of unruptured graafian follicle. 
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Corpus Luteum Cyst 

Hemorrhage into a persistent corpus luteum. 

Theca Lutein Cyst 

Due to overstimulation by gonadotropins. 

Chocolate Cyst 

Functional endometrial tissue invades the ovaries and forms large, blood filled 
cysts that are called “chocolate cysts" (aged blood). 


OVARIAN TUMORS 


Asymptomatic until growing tumor becomes large enough to produce symp¬ 
toms of abdominal distention nr fullness, or a dragging sensation due to mass 
effect, A tumor mass also predisposes to ovarian torsion, causing intermittent 
intense and sharp pain. Constitutional symptoms of fever, chills, and unin¬ 
tentional weight loss may also be present. Several genetic markers Ikivc been 
associated with ovarian cancer 

BRCA genes (BRCA1 and BRCA2): Must hereditary ovarian cancers. 
ERB/32: Associated with a poor prognosis. 

K-RAS: Mucinous cysladenocarcinoimis. 

» TPS 3. 

CA-125: Elevated with epithelial ovarian cancer. Used to monitor response 
to therapy. 

Serous Tumor 

Large (> 30cm-40 cm), cystic tumors called cystadenomas or cystadenocar- 
einomas. Papillary growths project into the cystic cavities. Benign tumors arc 
often bilateral and have a smooth serosal covering. When frank carcinoma 
develops, the cells lining the cysts (tall columnar cells) become anaplastic, 
and the tumor invades the stroma (nodular serosal covering). 

Psammoma body: Concentrically laminated concretions frequently found 
on the tips of papillae. 

Mucinous Tumor 

Epithelium of these tumors consists of mucin-secreting cells. Normal!}' uni¬ 
lateral, multilocular lesions. Papillary* formations are less common and psam¬ 
moma bodies arc absent. Most tumors arc benign, w ith 10 % being malignant 
eystadenocareinomas. 

Pseudomyxoma peritonei: Mucinous deposits in the peritoneum caused 
by rupture of a mucinous tumor or; more commonly, a Cl tumor that 
metastasized to the ovary ruptures. 

Benign (Mature) Cystic Teratoma 

These neoplasms are marked by ectodermal differentiation usually form¬ 
ing cysts lined by epidermis, hence the term dermoid cyst. They are usu¬ 
ally found in young women and frequently contain a mix of all tissue types, 
including hair, teeth, and bone. Rarely do they exceed 10 cm in size. The} 
can cause infertility and torsion. 
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Immature Malignant Teratoma 

Average age of these patients is 18 years. These tumors are bulky, mostly solid 
masses with areas of necrosis. Microscopically, the distinguishing feature is a 
variety of barely recognizable areas of differentiation toward cartilage, bone, 
muscle, and nerve (bad sign). 


UNIQUE OVARIAN TUMORS 


Some ovarian tumors occur infrequently clinicalv, but are testable favorites. 
See Tabic 9-22. 


TABLE 9-22. Ovarian Tumors 

Endometrioid Malignant tumors distinguished by the formation of tubular glands, 

tumor similar to those of the endometrium, within the linings of the cystic 

spaces. Associated with endometrial carcinoma, 

Brenner's turn or Uncomm o n turn o rs with a bu n da nt st rom a cont a in i n g n esls of 

transitional-like epithelium resembling that of the urinary tract. 

Struma ovarii Composed of mature thyroid tissue that may hyperfunction and 

produce hyperthyroidism. Stromal carcinoid may produce carcinoid 
syndrome. 


TESTICULAR TUMORS 


Most important cause of firm, painless, enlargement of the teslis. Virtually 
all arise From germ cells and arc malignant. Neoplasms arising from Sertoli's 
or Leydig’s cells are rare, but may come to attention because they can secrete 
steroid hormones, causing endocrine abnormalities, 

Sertoli's cell: Produce androgen-binding protein (ABP), in response to 
PSH. ABP helps maintain an androgen-rich microenvironment in the 
seminiferous tubules. 

Leydig’s cell (interstitial cells): Produce androgens in response to LM. 
High levels of androgens in the seminiferous tubules are essential for 
spermatogenesis. 

Seminoma (50%) 

Large, soft, well-demarcated, gray-white tumors that bulge from the cut sur¬ 
face of the affected testis. Confined beneath an intact tunica albuginea. 
Microscopically, large cells with disbud cell borders, pale nuclei, prominent 
nucleoli, and a sparse lymphocytic infiltrate arc visible. Associated with an 
increase in hCG. 

Embryonal Carcinoma 

Ill-defined invasive masses containing foci of hemorrhage and necrosis. 
Mctastases arc common. 11istologically, the cells arc large and primitive look¬ 
ing, wilh basophilic cytoplasm, indistinct cell borders, and large nuclei with 
prominent nucleoli. The cells may bu arranged in undifferentiated, sol id 
sheds or glandular structures. 























Yolk Sat Tumor (Endodermal Sinus Tumor) 

Large; may be well demarcated. Microscopically, they appear as low cuboidal 
to columnar epithelial cells forming sheets, glands, papillae, and mieroeysts, 
often associated with hyaline globules, I his is the most common primary tes¬ 
ticular neoplasm in children younger than T years. ^Fetoprotein (AFP) can 
be demonstrated within the cytoplasm of these neoplastic cells. 

Sehi Her-Duval I bodies: Structures resembling primitive glomeruli, a dis¬ 
tinctive feature of volk sac honors. 

* 

Choriocarcinoma 

Tumors represent differentiation of pinripotent neoplastic genii cells along 
trophoblastic lines. Grossly, primary tumors arc small, nonpalpahle lesions. 
Microscopically, choriocarcinomas arc composed of sheets of small cuboidal 
cells irregularly intermingled with or capped by large, eosinophilic syncytial 
cells containing multiple dark, pleomorphic nuclei: these represent eytotro¬ 
phoblastic and syncytiotrophoblastic differentiation, respectively. hCG is 
elevated. 

Teratoma 

I differentia ted neoplastic germ cells along somatic cell lines. Teratomas are 
firm masses that on cut surface often contain cysts and recognizable areas of 
cartilage. Histologically, there arc three major variants. 

Mature: Fully differentiated tissues from one or more germ cell layers 
(neural tissue, cartilage, adipose, bone, epithelium) in a haphazard array. 
Immature: Immature somatic elements reminiscent of those in develop¬ 
ing fetal tissue. 

With malignant transformation; Characterized by the development of 
frank malignancy in preexisting teratomatous elements, usually in the 
form of a squamous cell or adenocarcinoma. Usually occurs in adults. 

Mixed Germ Cell Tumor 

Combinations of any of llie described patterns may occur in mixed tumors, 
the mosl common of which is a combination of teratoma, embryonal carci¬ 
noma, and yolk sac tumors. hCG and AFP are elevated. 


BENIGN BREAST DISEASE 


The to male breast progresses through normal anatomic changes during pro-, 
peri-, and postmenopausal years. Distinguishing normal from pathologic ana¬ 
tomic changes is important in clinical practice and in answering test ques¬ 
tions, Keys to identifying the underlying disease process is the patient s age. 
history, changes related to the menstrual cycle, nipple discharge, and findings 
on ultrasound, mammogram, or biopsy. 

Fibrocystic Change 

Fibrocystic changes arc common and benign changes involving the tissues of 
the breast that cause a lump. This range of changes is the consequence of an 
exaggeration and distortion of the cyclic breast changes that occur normally 
in the menstrual cycle. It is divided into nonproliferative and proliferative 
changes. 
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Nonproliferative (Cysts and Fibrosis) 

The most common type, it is characterized by an increase in fibrous stroma 
associated with dilation of ducts and formation of cysts of various size with¬ 
out epithelial cell hyperplasia. The secretions within the cysts can calcify and 
appear on mammograms. 

Blue dome cyst: The cysts vary in diameter. Unopened their color varies 
from brown to blue (blue dome cysts) and they arc filled with serous, tur¬ 
bid fluid. 

Apocrine metaplasia: Cysts are lined by large, polygonal cells that have an 
abundant granular, eosinophilic cytoplasm with small round deeply chro¬ 
matic nuclei, su called apocrine metaplasia. 

Proliferative (Hyperplasia and Sclerosing Adenosis) 

The lerins epithelial hyperplasia and proliferative fibrocystic change encom¬ 
pass a range of lesions within the ductules, terminal ducts* and sometimes 
lobules of the duets. Atypical hyperplasia is associated with the development 
of carcinoma. 

Fenestration: Duels, ductules, or lobules may be filled with orderly eubui* 
dal cells, within which small gland patterns with irregular lumma at the 
periphery can be discerned (fenestrations). 

Ductal papillomatosis: Proliferating epithelium projects in multiple small 
papillary excrescences into the ductal lumen. Florid papillomatosis can he 
associated with a serous nipple discharge. 

Acute Mastitis 

Inflammation of the breast develops when bacteria gain access to the breast 
tissue through ducts, inspiration of secret ions, fissures, or dermatitis involv¬ 
ing the nipple. Staphylococcal infections can cause abscess formation with or 
without scarring. 

Traumatic Fat Necrosis 

An uncommon and innocuous lesion that is significant only because it pro* 
duces a mass, It may follow some antecedent trauma to the breast. The lesion 
consists of a central focus of necrotic fat cells surrounded by PMNs, which 
later is enclosed by fibrous tissue, and then scars. 

Fibroadenoma 

The most common benign tumor of the female breast; it is thought to be 
caused by an increase in estrogen activity. Grossly, they arc firm with a uni¬ 
form tan-white color on cut section, punctuated by softer yellow-pink specks. 
Clinically, they present as solitary, discrete, movable masses and rarely 
become malignant. 

Phyllodes Tumor 

Arises from the intralobular stroma and rarely from preexisting fibroadenoma. 
Most grow to a massive size, distending the breast. On gross section, they 
exhibit leaf-tike clefts and slits (phyllodes is Greek for leaf), Only about \ S% 
are malignant lesions. 



BREAST CANCER 


Breast cancer will affect nearly 1 in 11 females during their lifetimes. Risk 
factors include family history, early menarclie, late menopause, late first preg¬ 
nancy, and previous history of breast cancer, The initial chief complaint mas 
be a palpable breast mass, while others present with an abnormal mammo- 
graphic finding. The key to identifying the underlying pathology involves 
breast exam and a tissue biopsy of the mass, 

HER2/NEU protooncogene: Overexpression of the ERBB2 (HER2/ 
NKU) protooncogene lias been found to be amplified in up to *>0% of spo¬ 
radic breast cancers. It is a member of the epidermal growth factor recep¬ 
tor famih and is associated with a poor prognosis, 11 is believed that estro¬ 
gen and progesterone receptors normally present in breast epithelium, and 
often present in breast cancer cells, may interact with various growth pro¬ 
moters to create an autocrine mechanism of tumor development. 
Fixation/retraction (dimp!ing)/lyniphcdema/peau d’orange: These arc 
all common presentations of invasive cancers. Invasive carcinomas have 
a tendency to adhere to the chest wall, with subsequent fixation of the 
lesion, as well as adherence to the overlying skin, with retraction and dim¬ 
pling of the skin or nipple. Involvement of the lymphatics may cause lym¬ 
phedema, causing the skin to become thickened around hair follicles, a 
change known as pcau d’orange (orange peel skin). 

Sentinel node biopsy; This has been introduced as an alternative, less 
morbid procedure to replace a full axillary dissection. The first 1-2 drain¬ 
ing nodes are identified with a dye or radiolabcl. A negative sentinel node 
is highly predictive of no metastatic cancer in the remaining nodes. How¬ 
ever, the significance of finding micronictastascs is unknown. 
Trastimunah: 'Hie importance of evaluating KRBB2 is to predict respon¬ 
siveness to a monoclonal antibody to the gene called trastuzumab. 11 is 
one of the first antitumor antibody therapies based on specific genetic 
abnormalities. 

Intraductal Papilloma 

This is a neoplastic papillary growth (double-layered epithelial cells overlying 
a myoepithelial layer) within a duct, most often within the principal lactifer¬ 
ous ducts or sinuses. They can cause serous or bloody nipple discharge, sub¬ 
areolar tumors, nr rarely, nipple retraction. There nuiv be a single papillary 
growth nr multiple growths (more likely to be malignant). 

Ductal Carcinoma in Situ (DCIS) 

This is a noninvasive (not penetrating the limiting basement membrane) 
breast carcinoma that usually arises from the terminal duel lobular unit, and 
tends to fill, distort, and unfold involved lobules, and thus appears to involve 
dud-like spaces. 

Comedo: A subtype of DCIS that is characterized by cells with high-grade 
nuclei distending spaces with extensive central necrosis. 

Paget's disease of the nipple: This is caused by the extension of DCIS up 
to the lactiferous ducts and into the contiguous skin of the nipple. Clini¬ 
cally, there is a unilateral crusting exudate over the nipple and areolar skin. 
Paget’s cells have an abundant clear cytoplasm. 

Invasive (infiltrating) ductal carcinoma: Term used for all carcinomas 
that cannot be subclass! tied into one of the specialized types listed below 
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and accounts for most cancers (7O7&-80%). It is usually associated with 
DCIS. Invasion of lymphovascular spaces or along nerves may be seen. 
About two-thirds express estrogen-progestogen receptors, and about one- 
third overexpress ERBB2. 

Lobular Carcinoma in Situ (LCIS) 

I,CIS also involves the terminal duet lobular unit, is confined by a basement 
membrane, and usually expands but docs not alter the underlying lobular 
architecture. !l lias a uniform appearance of monomorphic cells with bland, 
round nuclei, and occurs in incohesive clusters in ducts and lobules. Signet 
l ing cells are common. LCIS is both a marker oT increased risk of developing 
breast cancer in either breast, and a direct precursor of some cancers. 

Inflammatory Carcinoma 

Defined as the clinical presentation of an enlarged, swollen, erythematous 
breast, usually without a palpable mass. The blockage of numerous derma) 
lymphatic spaces by carcinoma results in the clinical appearance. Most of 
these have distant metastases and an extremely poor prognosis. 

Invasive Lobular Carcinoma 

The cells are morphologically the same as in LCIS. The cells invade indi¬ 
vidually into stroma and arc often aligned in strands or chains. Lobular carci¬ 
nomas more often than ductal carcinomas metastasize to the CSF and else¬ 
where. Nearly all of these tumors express hormone receptors. 

Tubular Carcinoma 

They usually present as irregular nutmmograpliic densities. The carcinoma 
consists of well-formed tubules with low-grade nuclei. Metastases arc rare, 
prognosis is good, and hormone receptors are normally expressed. 


PELVIC INFLAMMATORY DISEASE 


Infection of the uterus, fallopian tubes, and/or Hie ovaries, with the lubes 
most commonly affected. Inflammation is almost always bacterial (Neisseria 
gonorrhoeae or Chlamydia trachomatis) with nongonococcal infectious being 
more invasive- Clinically presents in young women who have unprotected 
interc ourse and a history of STDs* 

Symptoms: Periodic, bilateral lower abdominal pain is the most common 
presentation with or without constitutional symptoms of lever and chills. 
Acute episodes last < 2 weeks. 

Physical exam: Cervical motion tenderness, cervical discharge, and pain 
on palpation of the adnexac. 

Associations: Infertility, Hfcz-I high and Curtis syndrome (perihepatitis)* 







SEXUALLY TRANSMITTED DISEASES 


Sexgally transmitted diseases (STD) are a significant cause of morbidity with 
short- and long-term consequences. Table ^-23 summarizes more common 
STDs. 


TABLE 9-23. STDs 


Disease/Pathogen 

Presentation 

rtt/rmp nrmi n jiinuu imrauri i tv nmnuritmmtmmtt rr«nn 

Diagnosis 

Syphilis (Treponema 
pallidum) 

Primary: Small papule that turns into a painless ulcer with well 
defined borders. 

Secondary: Lymphadenopathy, rash on the palms and soles of 
the feet, condyloma lata. 

Tertiary: Thoracic aneurysm, tabes dorsalis, gummas. 
Congenital: Stillbirth (hepatomegaly, bone abnormalities), 
snuffles, rash, or Hutchinson's triad {notched central incisors, 
interstitial keratitis [blindness], and eighth nerve palsy). 

Darkfield microscopy, 

VDRL/RPR: Measure cardrolrpin 
antibody; titers fall after 

treatment, 

FTA-Abs; Remains positive after 

treatment 

Gonorrhea (Neisseria 
gonorrhoeae) 

Attaches to the mucosal epithelium of the urethra via pi It. May 
ascend to infect the prostate, epididymis, or testes. 

Purulent urethral discharge. 

Swelling around the meatus. 

Pain with urination. 

Culture of discharge will show 
gram* negative dipfococci. 

Nongonococcal urethritis 
(Chlamydia trachomatis or 
Ureaplasma urealyticum) 

Most common STD. 

Purulent urethral discharge. 

Pain with urination* 

Gram-negative intracellular 
organism* 

Reiter's syndrome; Uveitis, 
arthritis, urethritis. 

Lymphogranuloma 
venereum (C. trachomatis) 

U1 ce rativ e Jesi o n n e ar ge n italia. 

Regional lymphadenopathy: Granulomatous inflammatory 
reaction with irregular shaped foci of necrosis and neutrophilic 
infiltrate. 


Chancroid { Haemophilus 
ducreyi) 

Tender, erythematous papule that ulcerates. 

Lesions are painful. 

Base of ulcer covered by yellow-gray exudate. 


Granuloma inguinale 
(donovanosis, caused by 
Klebsiella granuhmatis) 

Papule that ulcerates with pink granulation at the ulcer base. 
Lymph nodes are spared* 

Lesion is painless. 


Condylomata acuminata 
(HPV types 6 and 11) 

Squamous cell proliferation {genital warts). 

Smalt sessile lesions to large and papillary lesions. 

Kollocytosis; Hyperchroma tic nuclei 
surrounded by a perinuclear halo. 

Genital herpes (H5V types 

1 and 2) 

Usually caused by H5V-2* 

Prodrome of burning and tingling. 

Active lesions are painful vesicles* 

Microscopy: Cowdry type A 
inclusion bodies (viral inclusions 
that appear as light purple 
intranuclear structures surrounded 
by a clear halo). 
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The respiratory system is unique in that it jn not functional during fetal life, 
however it must he available for immediate use after birth. Respiratory devel¬ 
opment occurs in stages in a cranial to caudal fashion. The upper respirators 
tract (consisting of the larynx and trachea) develops first, followed by the lower 
respirator) tract (the bronchi and lungs). Lung development is further subdi¬ 
vided into psuudoglandular, canalicular, saccular, and alveolar stages which 
arc discussed below (sec Figure 10-1 )♦ 



KEY FACT 


Hie larynx, trachea, and lung buds 
develop as an outpouching of the 
esophagus. 


Larynx 

The larynx is a musculocartilaginous structure in the anterior neck that func¬ 
tions to protect the airways, aid in respiration, and produce vocalization. Its 
location, just below the pharynx, marks the first division between the respi¬ 
rators and digestive systems. It is suspended by muscle and ligaments to the 
hyoid bone superiorly and attached to the trachea inferiorlv. 

During the third week, a small opening forms in the pharynx, Ihe cranial part 
of the foregut. This opening forms the laryngeotracheal groove, which deep¬ 
ens to an outpouching or diverticulum. The diverticulum lengthens to form 
the laryngeotracheal tube, which will form the lung hud at its distal end (sec 
Figure 10-2), The epithelium of the larynx is derived from this tube. 


Tlie laryngeal cartilage and musculature arc derived from the fourth and sixth 
pharyngeal arch mesenchyme, will] derivatives of I lie fourth arch innervated 
In the superior laryngeal nerve and derivatives of the sixth arch innervated In 
the recurrent laryngeal nerve. As the pharyngeal arches dove lap, a primitive 
laryngeal orifice, or opening, develops below the fourth arch. During week \ 
swellings develop lateral to the orifice; these will become the arytenoid ear- 
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FIGURE 10-J. Overview of respiratory system development. After development of tliv In mix mitt Irachea. the other conducting 
zones develop through blanching. Subsequently' Mil- transitional and respirator) /ones develop 
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figure i o * 2 * Larynx and trachea development I lie larynx begins us .i im.il! herniation 
in the esophagus* known as the ventral diverticulum. As the diverticulum lengthens, lung buds 
fonn al its distal end. I his will ultimately give rise to the trachea and lungs, 

tilages. Additionally, an anterior swelling develops that will become the epi¬ 
glottis. During week 6* continued growth in the region results in a 'Fshapcd 
orifice {sec Figure 1 ()->). Epithelial tissue occluding the opening breaks down 
during week 10 and surrounding epithelial tissue folds differentiate into the 
false and true vocal folds. 


Trachea 


The trachea or “windpipe** is a conducting airway that derives from the mid¬ 
dle portion of the iarvngeutrachcal tube. Hie epithelium and glands form 
from the tube endoderm, while cartilage, smooth muscle, and connective tis¬ 
sue are derived from splanchnic mesoderm* 


Bronchi 


The lower laryngeoiradical tube divides info bronchi, which further divide 
into bronchioles (see Figure 10-4), The first asymmetric division is also 
accompanied by movement of tire smaller left bud to a more lateral position 
than the larger right bud. The second division of the bronchi is also asymmet¬ 
ric with two divisions occurring on the left and three divisions occurring 
on the right* 'flic tertian bronchi continue to divide “dichotomous!)" until 
terminal bronchioles with distal extensions, the alveoli, are formed. 





Epigloltat swelling 
—* Epiglottis 

Arytenoid swelling 
-—► Arytenoid cartilage 


FIGURE i a -1. Larynx development from pharyngeal arches. The curtilage and uiuseula- 
ture t>f tin 1 larynx arc derived from lire pharyngeal arches. An epigfottaf swelling will give rise to 
the epiglottis and an arytenoid swelling will give rive to (lie arytenoid cartilages. 
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Left bud - 
Right bud = more f atera | 

larger 


w 


/ \ 

Right = 3 Left = 2 
divisions divisions 



Even divisions 
continue on boih sides 


figure l o - 4. Bronchiole divisions. I lie initial two di\ ivions of the trachea are asymmet¬ 
ric. During I lie first division, the smaller left hmg hrnl becomes more lateral. During the sec¬ 
ond division, the larger right lung hud divide* three times, w hile the left bud divides only twice. 
All suhseijuei it divisions mi both sides result in two branches. 


Lungs 

Al the end of the fourth week, the luryngcotnicheal diverticulum forms the 
lung buds ;ls two lateral outpouching*. The timeline of lung development can 
determine the survival of premature infants: 

The lung bud forms the trachea and two bronchial buds, which will 
develop into bronchi and the bronchial tree during months 2 through 7 of 
gestation. 

The primitive alveoli begin to form during week 26. 

The number of alveolar terminal sacs continues to increase in months 8 
and 9 of prenatal life and during early postnatal life. 

The amount of surfactant increases, particularly during the last two weeks 
of gestation. 

PSEUDOCLANDULAR PERIOD (WEEK5 5-16) 

Dining this period, branching continues and all major parts of the lung are 
formed with the exception of the gas exchange elements. Without ]lie ability 
to participate in gas exchange, the fetus is not viable. 

Canalicular Period (Weeks 16-26) 

During the canalicular period, the airways increase in diameter and lung 
vasculature develops (see Figure 10-5). Primitive end respiratory units con¬ 
sisting of a respiratory bronchiole, alveolar dud. and terminal sac are formed 
during this period. 


Alveolar duct 



ABC 


FIGURE 10 - 5 . Canalicular, terminal sac and alveolar periods of Jung development, Y\ flic lung progresses through its develop¬ 
mental periods, ii becomes more specialised to the job of gaseous exchange. (A) Canalicular period i 16-26 weeks), increase airvva\ diam¬ 
eter, respiratory bronchiole formation, alveolar duct formation, ten nil ml sac formation. iK) Terminal sac period (26 weeb-birtli), terminal 
sac development with thinning of the epithelial lining, appearance of type l and type LI pucumoeytes* capillary contact formation. iC 1 Al¬ 
veolar period | prer i a la I-childhoods capillary contact development, increase alveoli number and si/e. I lislofogy images courtesy of PKJK 
Digital l ibrary J!it1p://pieir.nei).) 











Terminal Sac Period (Week 26-Birth) 

Terminal sacs develop with the thinning of the epithelial lining. Type I 
squamous epithelial cells form the gas exchange surface, while type II secre¬ 
tory pncumocylcs, which appear later, produce surfactant. 

Alveolar Period (Prenatal-Childhood) 

Clusters of primitive alveoli form, allowing ‘'breathing" in utero by aspiration 
of amniotic fluid. The fluid in I lie kings keeps the pulmonary vascular resis¬ 
tance high through gestation. At birth, the lungs arc half-filled with liquid that 
must be emptied through the mouth or absorbed into the blood and lymph, 
The replacement of fluid with air results in a dramatic fall in pulmonary vas¬ 
cular resistance at birth. The alveoli continue to mature after birth, growing 
in number only for the first 3 years and then increasing in both number and 
size for the next 5 years. 

Pleural Cavities 

The lungs invaginatc to penetrate part of the intra-cmbryonic coelom, or bod\ 
cavity', as they grow and branch. This leaves a layer of visceral pleura from the 
splanchnic mesoderm covering the lung, and a layer of parietal pleura from 
the somatic mesoderm covering the body wall (sec Figure 10-6}. 

Diaphragm 

The diaphragm develops more superiorly than its postnatal location but main¬ 
tains its innervation from cervical roots C3. C-4, and C5. It is formed from 
four cmbrvologic structures that fuse by week seven of gestation: 

The septum transversum is formed by mesodermal tissue that projects 
from the ventral body wall to partially separate the thoracic cavity and 
abdominal cavity. In the adult, the septum transversum forms the central 
tendon of the diaphragm. 

The pleuroperitoneal folds extend from the dorsolateral sides of the hods 
wall to fuse with the septum transversum. 

The body wall also extends from the dorsal and lateral sides (after the 
pleuoperitoneal folds have closed the thoracic cavity) to form the periph¬ 
eral, muscular portion of the adult diaphragm. 

The dorsal mesentery of the esophagus forms the diaphragmatic portion 
that is dorsal to the esophagus and ventral to the aorta. 


KEY FACT 


To understand pleural cavity 
formation, imagine pushing your 
hand into an inflated balloon. The 
balloon represents the lining of 
the body cavity. The part of the 
balloon surrounding your fingers 
represents the viscera! pleura, and 
the part of the balloon wall opposite 
your fingers represents the parietal 
pleura. The space that still contains 
air within the balloon represents the 
pleural cavity. The pressure within 
the pleural cavity is negative. 
Visceral = organ side 
Parietal = wall side 


CLINICAL 

CORRELATION 


A pneumothorax occurs when 
air enters the pleural cavity. The 
corresponding lung collapses and 
is unable to participate in gas 
exchange. 




MNEMONIC 


Several Parts Build a Diaphragm: 
Septum transversum, 
Pleuroperitoneal folds, Body wall, 
Dorsal mesentery of the esophagus 



Esophagus 

Trachea 
Lung bud 
Visceral pleura 
"'Parietal pleura 

I 

Parietal cavity 



FIGURE 10 - 6 , Pleural cavity development l III* pleural cavity develops when the 
penetrates the body cavity. While some of the lining, the visceral pleura, becomes attached to 
the lung, the rest, the parietal pleura, remains attached h> the body wall. 
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FIGURE 10 - 7 , Congenital diaphragmatic hernia. \ote the air-filled bowel m ihe left tint* 
racie cavity. (Image courtesy of PKIR Digital Librcm ! http://pdr.m t | + ) 


A congenital diaphragmatic hernia may result if Hie four embryonic parts do 
not properly lose. The newborn will present with respirator) distress, and a 
chest radiograph will show abdominal contents (loops of bowel} within the 
thoracic cavity (sec Figure 1(1-7). Additionally; bowel sounds may be beard 
while listening over the chest 


CONGENITAL MALFORMATIONS 


Esophageal Atresia 

The ventral laryngotracheal diverticulum is separated from the dorsal gut 
lube (the esophagus at this region) by the tracheoesophageal septum (meso¬ 
derm). An esophageal closure can form as a result of posterior deviation of 
the tracheoesophageal septum (sec Figure 10-8). In the embryo* this results in 
the inability to swallow amniotie fluid, leading to fluid accumulation and an 
enlarged uterus. In the newborn, this process causes fluid to overflow into the 
trachea during feedings, leading to aspiration pneumonia. 


Esophagus 


Trachaa 


y ~ // 


iM 


■RflB 



Trach eoesophag ea I 
fistula 




FIGURE 108 . Congenital malformations of the trachea and esophagus. I lie most com¬ 
mon congenital malformation of the trachea and esophagus is an esophageal atresia v ith a 
tracheoesophageal fistula. IjC&s common variants include esophageal atresia alone or with other 
afinorm.il emulations to the trachea. 
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Tracheoesophageal Fistula 

As described above, (lie tracheoesophageal septum separates the developing 
lungs from (he foregut. When the tracheoesophageal septum does not form 
properly, a congenital tracheoesophageal fistula may result. This abnormal 
connection between the trachea I just above the bifurcation) and distal esoph¬ 
agus is usually seen in association with esophageal atresia (sec Figure 10-8). 
An infant with such a defect will cough upon feeding, as acidic gastric con¬ 
tents pass inter the lung, causing severe chemical pneumonitis. In addition, 
passage of air into the stomach causes gastric dilation, elevation ot the dia¬ 
phragm, and impaired breathing. Air may be seen in the stomach on a chest 
radiograph. 

Congenital Cysts 

These saccular enlargements of the terminal bronchiole are usually solitary 
and may cause chronic infection secondary to poor drainage. 

Hypoplasia 

Alveolar development can fail despite normal bronchus formation (see Figure 
10-9), The resulting hypoplasia of the lung is the most common cause of dia¬ 
phragmatic hernia. 

Respiratory Distress Syndrome (RDS) 

During weeks 25-28, type II pncumocytes begin to produce surfactant, a 
phospholipid fluid that facilitates alveolar opening by reducing surface ten¬ 
sion. If the fetus is delivered before 25 weeks of gestation, it will not be via¬ 
ble. Between this lime and full development, the newborn is unable to fully 
inflate the lungs, leading to formation of hyaline membranes in the pul¬ 
monary alveoli (see Figure 10-10). Clinically the infant exhibits superficial, 
rapid treadling (tachypnea) and cyanosis. The incidence oi KITS is inverse!) 
related to gestational age at birth. Current treatments include maternal ste¬ 
roids and surfactant replacement. 



CLINICAL 

CORRELATION 


The aspiration of amniotic fluid is 
essential lo* lung development, 
and fetal breathing movements are 
important for developing respiratory 
muscles Pulmonary hypoplasia 
may result from oligohydramnios 
(too little amniotic fluid); this may 
be a result of renal malformation in 
Potter's syndrome 



KEY FACT 

L___ _ _ _ _ 


Fetal lung maturity is determined by 
a lecithin sphingomyel in ratio > 2,0 
in amniotic fluid. 


Hypoplastic lung 



Bowel herniation 
through diaphragm 


figure 10*9, Lung hypoplasia. I n acUlil i t m tes lire respi ralorv an i ipl it a I i < mis In n \ \ ti 
creased exchaiig(\ lung hypoplasia is 11 it* mosl crimmon cause of bowel herniation through 
the diaphragm. 
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Obstructive sleep apnea 

occurs when excess body weight 
or pharyngeal tissue blocks the 
upper airway passages when the 
patient is supine. This obstruction 
causes periods of hypoventilation 
and hypoxia, resulting in nocturnal 
awakenings, poor sleep, and 
daytime somnolence. Sleeping 
partners often complain about the 
patient's snoring. 



FIGURE hi*io. Hyaline membranes in an immature lung, l lyaliue memlmmej nrnmvs) 
urc niiide of a waxy substance consisting of fibrinous rxmklcs and cellular debris lining the 
alveolar walls. (Image courtesy of PI 1 ! IK Digital Libnm [liHp://pduiel]*) 



The respiratory system consists of the nasal passages and mouth, pharynx, tra¬ 
chea, bronchi, bronchioles, lungs, and the muscles that control respiration, as 
shown in Figure 10-11. 


AIRWAYS 



FLASH BACK 


The conducting airways contain a 
surrounding smooth muscle layer 
that hypertrophies and undergoes 
spastic constrictions in branchial 
asthma, an obstructive lung 
disease. 


The passages that transmit air from the environment to the lungs can be 
divided in In conducting airways and respiratory airways, as described in Table 


10-L 


LUNGS 


The right and left lungs are structurally distinct, as described in Table 10-2, 

Blood Supply of the Lungs 

The rigid and left pulmonary arteries transport relatively dcoxygenated 
blood from llic right ventricle lo the lungs. 




Trachea 


Main (primary) bronchi 


Segmenlal (ternary) 
bronchi 


Lobar (secondary) bronchi 


figure lo-ii. Cross anatomy of the respiratory system. Overview and conducting 
airways. 





















TABLE 10-1. 

Conducting and Respiratory Airways 

UlKlltiaiiiiiifir/AlltttifiJiiivrnljil l ri twi ttt i im 


Conducting Airways 

Respiratory Airways 

Function 

Warm, humidify, and filter air; no gas exchange 
(anatomic dead space) 

Gas exchange 

Structures 

Nose/mouth, pharynx 

Respiratory bronchioles 


Trachea 

Alveolar ducts 


Bronchi 

Alveoli 


Bronchioles 


* tiititii 11 Jiiiiftuuiiimrc 

Terminal bronchioles 



The bronchial arteries branch from the aorta to supply the bronchi and 
pulmonary connective tissues with nourishing, Oy-rich blood. 

Branches of the pulmonary and bronchial arteries enter the bronchopul¬ 
monary segments centrally alongside the segmental (tertiary) bronchi 
(see Figure 10-12)* 

The bronchial veins drain blood supplied by the bronchial arteries; I he 
small bronchial veins unite to form a single vessel that empties into the 
azygos vein on the right and the hemiazygos vein on the left. 

The pulmonary veins transport oxygenated blood from the alveoli to the 
left atrium. 




MNEMONIC 


Right pulmonary artery is Anterior, 
Left artery is Superior to the 
bronchi: RAL5. 



KEY FACT 


The relationship among the conducting airways, respiratory airways, and 
blood supply to the alveoli is shown in Figure 10-12, 

Pleura 

The lungs are located within a bilayered pleural sac in the thoracic cavity. 

The visceral pleura, or pulmonary pleura, is tightly adherent to I lie outer 
surface of the lungs. 

The parietal pleura covers the inside of the thoracic cavity-', including the 
diaphragm, costal walls, and the mediastinum. 

The pleural reflections are formed when the parietal pleura lining one 
surface becomes continuous with the pleura lining another surface, for 
example, the costal pleura is continuous with the diaphragmatic pleura, 
forming the costal line of pleural reflection. 


The visceral pleura lacks sensory 
innervation; however, the parietal 
pleura is innervated by brandies of 
the intercostal and phrenic nerves. 
Thus, the parietal pleura is highly 
sensitive to pain, but the visceral 
pleura is not. 




MNEMONIC 


The Parietal pleura feels Pain. 


TABLE 10-2. Anatomy of the Right and Left Lungs 



IfliWWTiliiillf^HHIIttmTUB— mtfnirmratfll Ittfititraul um nm r 1II llitmmiju 11 itrirmuHiHi 11 i immi 

Right Left 

Lobes 

Three (upper, middle, and 
lower) 

Two (upper with lingula, and 
lower) 

Main bronchus entry 

Lesser angle 

Acute angle 

Main bronchus shape 

Shorter and wider 

Longer and narrower 

Pulmonary artery entry 

Anterior to right mainstem 

Superior to left mainstem 

utllltm MULUl Mi i wt HI i f 1 j j lif UXII4 milt rB£l lilt 

bronchus 

mtiunun iiiintHniiif irritT^^m ■ ifiinmnii 11111 n i 

bronchus 

nnUlilltttailllfJ t I1HMU4I mum iimililii i i uif mrur 11 



KEY FACT 


An aspirated foreign object is more 
likely to lodge in the right mainstem 
bronchus, due to its lesser angle 
of entry and wider diameter (sec 
Figure 10-12). 
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FIGURE 10-12. Anatomy of the bronchopulmonary segments, Eadi lung is divided into 
10 fimctiounl broudiopulinoiiun segments* inch supplied by iis own artery and segmental 
bronchus. The pulmonary and bronchial arteries approach the alveoli alongside the bronchi, 
while the pnlnionan vein drains blood separately, A - Alveoli; AD - alveolar duct; RB - respi- 
mton bronchiole; TB = terminal bronchiole- 



FLASH BACK 
* _ 


Pleural effusions have multiple 
possible etiologies, including 
infection, heart failure, trauma, and 
lung cancer. 


Between (lie visceral and parietal pleura is a potential space, the pleural 
cavity, which normally contains < 10 ml, of circulating fluid. In some dis¬ 
ease stales. Iluid accumulates in lire pleural cavity, forming a pleural effu¬ 
sion. When the patient is creel, the fluid fills the costodiaphragmatic recess 
located at the inferior part of the thoracic cavity. On a clicsl radiograph, the 
costodiaphragmatic angles are normally sharp and unoccupied by tissue or 
fluid, but pleural effusions blunt these angles, as seen in Figure 10-1 3. 


DIAPHRAGM 



FLASH BACK 


The right crus of the diaphragm 
wraps around the esophagus to 
prevent hiatal hernias, in which 
the stomach slides into the thoracic 
cavity. 


The thoracic diaphragm is a domed, musculotendinous structure that farms 
the inferior border of the thoracic cavity. During inspiration, the central part 
of the diaphragm descends, decreasing inirathoracic pressure and increasing 
lung volume. The peripheral parts of lhe diaphragm are fused to the thoracic 
wall and arc thus immobile. 

The diaphragm is a useful landmark in radiographs, as six structures penetrate 
It at specific vertebral levels* These structures are identified in f igure 10-14. 

The inferior vena cava, aorta, azygos vein, thoracic duct, and esophagus nil 
provide a means of transmilling blood, lymph, or food products from the llio- 
racic cavity to the abdomen, or vice versa. The vagus nerve provides parasynv 
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F! cu R E 10-11. Chest radiographs, \.\) Non red clitrsi radiographs (B) Chest radiograph of pleural effusion. Note the sharp costo¬ 
diaphragmatic angles in Ihc normal radiograph and blunting of the angles in a pleural effusion. \ Kev a = aorta, ca = Carina, epa - coslo- 
phremc angle, cl = clavicle, g = gastric air bubble, la - left atrium. mf= minor fissure, p - main puluiunan artery, rts - right tracheal 
[or para tracheal | stripe, S = scapula, sp —spleen, and I — trachea.) (Reproduced, ivilli permission, from Chen XH \1. Pope IL Jr* Ofl DJ, 
Busrc Radiology, New York: McGraw-Hill, 2lHH: 6T, 112.) 


pathetic still mb ti on to the heart and lungs in the thoracic cavily and then 
crosses the diaphragm to provide panisyinpalhelie stinmblion lo the abdomi¬ 
nal viscera* 


EXTERNAL ANATOMY 


Landmarks outline the location ot the lungs and surrounding pleural cavities 
(sec Figure 10-15). 




MNEMONIC 


I 8 10 EGGs AAT 12 fl ate ten eggs at 
twelve"). 

Inferior vena cava: T8 
EsophaGus, vaGus nerve: 110 
Aorta, Azygos vein* Thoracic duct: IT2 



Central tendon 


Inferior vena cava (T8) 


Esophagus(T10) 


Vertebrae 


Rib 


Inferior view 


FIGURE 10*14* The diaphragm and penetrating structures* 
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figure 1015 , External landmarks of the thoracic cavity. 


Thu lungs reach more superiorly than the first rib, into the supraclavicular 
fossa. 


MNEMONIC 


The intercostal Vein, Artery, and 
Nerve travel in a VAN inferior to 
the rib. 


The lower lung borders extend to tile sixth rib anteriorly, the eighth rib at 
the midaxilhirv line, and flic tenth rib posteriorly. 

The pleural reflection extends to the eighth rib anteriorly, descending 
to the level of the tenth rib at the miduxiHary line, and to the 12th rib 
posteriorly. 

These landmarks are important when performing thoracic procedures. A tho¬ 
racentesis allows tor sampling of pleural effusions by introducing a needle 
into the pleural space. The needle is Ivpically inserted above the rib, because 
the intercostal vein, artcrv, and nerve travel along the inferior margin of each 
rib (see Figure l U-16), 



Diaphragm 


FIGURE 10-36, Thoracentesis, 
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MECHANICS OF RESfIRATION 


The diaphragm is the primary muscle involved tit respiration. It is innervated 
hv the phrenic nerve, which is formed by branches of the C3, C'4, and C5 
nerve roots. 

The diaphragm is the only muscle involved in quiet respiration, or breathing 
that occurs during rest; multiple accessory muscles are involved in forced res¬ 
piration, which occurs during heavy activity. 


HISTOLOGY 


Olfactory Cells 

In the nasal cavity, the pseudostratified olfactory epithelium is found in the 
superior conchae. Among other supportive cells in this epithelium, olfactory 
cells are bipolar neurons that generate action potentials in response to spe¬ 
cific odor molecules. Each olfactory cell lias a -single dendrite containing a 
few noniuotilc cilia that increase flic surface area for olfactory receptors. 

Respiratory Epithelium 

The respiratory tract is lined mostly by psctidocoltimnar ciliated epithelium 
(“respiratory epithelium") from the nasal cavity to the terminal bronchioles, 
where the lining transitions to simple cuboidal (respirator)' bronchioles) and 
then simple squamous (alveolar ducts and alveoli) epithelium. 

Cilia of the respiratory epithelium sweep mucus and foreign particles toward 
the mouth, providing protection for the lower respirator) tract. Coblet cells, 
which secrete mucus, arc interspersed in the pseudocolmnnar epithelium 
from the nasopharynx to the primary bronchioles. These cells can he identi¬ 
fied by their distinct shape and palc-staining cytoplasm. 

Clam’s cells are located in the terminal bronchioles and secrete protein to 
help protect the airway lining From damage. Microscopically, Clara's cells can 
be identified by secretory granules located in the apical cytoplasm. T hey lack 
cilia. 

Alveoli 

The alveoli are composed of multiple cell types critical for proper alveolar 
function. T hese cells are described in Table 10-3 and illustrated in Figure 
10-17. 


I 


CLINICAL 

CORRELATION 


A lesion of the phrenic nerve 
results in ipsilaleral paralysis of the 
diaphragm. On a chest radiograph, 
this can be seen as an ipsilateral 
elevation of the diaphragm. 



MNEMONIC 


C3, C4, and C5 keep the diaphragm 
alive. 



FLASH BACK 


five olfactory cells send axonal 
processes to the brain via the 
olfactory nerve (CN I). 



FLASH BACK 


In Kartagener's syndrome 

(immotile cilia syndrome), a defect 
in the protein dyneln prevents cilia 
from moving properly. This results in 
impaired clearance of secretions and 
frequent respiratory infections, as 
well as infertility. 


Pulmonary surfactant, or dipalinitovl phosphatidylcholine, is produced In 
type II alveolar cells. It decreases alveolar surface tension and is essential to 
prevent alveolar collapse. Surfactant is stored in cytoplasmic lamellar bodies 
of type 11 alveolar cells. 

Pulmonary capillary' endothelial cells are joined by fight junctions to form 
a continuous endothelium, without fenestrations. This allows for the sole 
exchange of gases with the lungs, and prevents any fluid leakage. 













FLASH SACK 


table 10 * 1 . Types of Alveolar Cells 


Alveolar macrophages, which 
phagocytize RBCs that leak into 
alveoli in CNF, are also called "heart 
failure cells” 



FLASH BACK 
h _ — _ 



Type 1 Cells 

Type It Cells 

Macrophages 

Prevalence 

97% of alveolar cells. 

3% of alveolar cells. 

Variable 

Structure 

Flat. 

Large and round. 

Amorphous 

Function(s) 

Allow for gas 

Secrete surfactant. 

Engulf debris 


exchange to the 

Proliferate after lung damage. 

('dust cells') 


adjacent capillaries. 

Are source of precursors for new 


MllllillliiHIIUttMtlHlM 

-timummui—immumiiiim*— * 

alveolar cells (types 1 and II), 



Increased capillary hydrostatic 
pressure within the lungs, as occurs 
in severe left ventricular systolic 
failure, can cause leakage of fluid 
into the lungs. 



Alveolar 


Type 1 cell 


Epithelial 

basement 

membrane 


Interstilium 


II cell 

Alveolar 


macrophage 


Endothelial 

basement 

membrane 


Surfactant layer 


Capillary 


Red 


Fibroblast 


FIGURE t o-1 7. Alveolar structure. 





















TV (TV): llie volume of air Liken into the lungs during a quiet inspira¬ 
tion (->00 ml j (see Figure 10-18). 

Inspiratory reserve volume (IRV): The volume of air that can be inspired 
beyond the TV during maximal inspiration. 

Inspiratory capacity (1C) - TV 4 iRV. 


Expiratory reserve volume (ERV): The volume of air that can he expired 
bevond normal expiration. 

Vital capacity (VC) = IRV + IV + ERV 


Tim is equal to the volume of air that can be maximally expired fol¬ 
lowing maximal inspiration. Also known as the forced vital capacity 


(FVC). 


Residual volume (RV): The volume of air that remains in the lungs fol¬ 
lowing maximal expiration. 

Functional residual capacity (FRC) = ERV + RV 

This is equal to the volume of air left in the lungs after a normal, quiet 

expiration of TV. 

Total lung capacity (TEC): The total volume of air in the lungs after max¬ 
imal inspiration. TLC can be calculated a number of wavs: 

TLC = RV + ERV + TV + IRV 
TLC = FRC + TC 
TLC = VC + RV 

Forced expiratory volume in ! second (FEV|): The volume of air expired 
in the first second of a forced maximal expiration. 

FKVi is normally 80% of the FVC, or FEVj/FVG = 0.8 (see Figure 10-19 
and Tabic 10-4). 

Measurement of Lung Volumes 

Some lung volumes can be measured simply by hav ing a patient breathe into 
a spirometer from TLC down to RY. In effect, their respiration equals VC, 
which is directly calculated. However, since RV (and therefore FRC and 



KEY FACT 


!n obstructive lung diseases, like 

asthma or emphysema. FEV t is 
decreased more than FVC, so FEV,/ 
FVC < 0.7-0.B. 

In restrictive lung diseases, like 
pulmonary fibrosis, FEV 1 is 
decreased to the same extent as, 
or less than, FVC, so FEV t /FVC > 
0.7-0.8 



1.2 FRC 


Volume 

(U 


1C VC TLC 


RV 


0 


FIGURE to -IB. Lung volumes and capacities. A spirometry tracing showing ;ill uf the 

Itmg volumes and capacities. 
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FEVt 

FVC 


- 80 % 


Normal 


FEVi 

FVC 


< 80 % 


Obstructive 


iTLC 

Restrictive 



FIGURE t 0 * l 8 * Obstructive versus restrictive. FVC ;iiul l ; KVj in norma! subjects and patknl* u ilh lung disease. 


TLC) cannot, by definition, be measured as expired volumes on spirometry, 
other methods are used. They include: 

1. Dilution tests: A known volume and concentration of an inert gas (often 
helium) is inhaled. This inert gas is diluted by the air already in the lungs, 
so the change in concentration of the gas that is expired can be used to 
calculate the RV. 

2. Body plethysmography: The patient sits in an airtight box and performs a 
maneuver that causes expansion and compression of gas within the thorax. 
1’he RV can then be calculated from changes in the gas volume and pres¬ 
sure within the box. 

Anatomic Dead Space 

The volume of air in the conducting airways that does not participate in gas 
exchange (everything but the alveoli). It is normally about 1 50 ml,, and 
should be constant. 

Physiologic Dead Space (Total Dead Space) 

The volume of inspired air that does not participate in gas exchange. Unlike 
anatomic dead space, this takes into account alveoli that arc filled with air but 


TABLE 10-4. Lung Volumes in Restrictive versus Obstructive Disease 
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are not perfused by blood in the surrounding capillaries (V7Q mismatch). In 
norma) lungs, it is approximate!) equal to anatomic dead space, but can be 
greater than anatomic dead space in diseased lungs. Conceptually, dead space 
(or more specifically Vd/Vt) is proportional to the fraction of TV that reaches 
areas that do not contribute expired CO. (no gas exchange due to absence ot 
perfusion). 

Vn = Vi x i Paco, - PKCo 2 )/(Paco 2 ) 

Vd = Physiologic dead space (mL) 

Vt = Tidal Volume (mL) 

PaCO, = PC0 2 "f arterial blood (mmHg) 

PI5G0 2 - Pco 2 of expired air (mini lg) 


VENTILATION 


Ventilation Rate 
Minute Ventilation 

The total amount of air inspired in 1 minute. 

Minute ventilation = Tidal Volume x Breaths/min 

Alveolar Ventilation 

The total amount or air that reaches the alveoli participating in gas exchange 
in I minute, il is different from minute ventilation due to dead space. 

Alveolar ventilation = ('IV- Dead space) x Breaths/min 

V\ *= Vco 2 /Paco 2 

V\ - Alveolar ventilation 
VC0 2 = CQ 2 production in the body 
PaCO-> - Vvxh of arterial blood 

Increasing alveolar ventilation through increased depth (TV) or rate of breath¬ 
ing will result in a proportionate decrease PaCO> 

Muscles of Respiration 

See Table 10-5. 

Inspiration 

An active process that always requires at least some muscle activity. 

Diaphragm: The most important muscle in inspiration. When the dia¬ 
phragm contracts the volume of the thoracic cavity increases in the verti¬ 
cal dimension. Tins create negative intrathoraeic pressure thus drawing air 
into the lungs. 

External intercostals and accessory muscles: Normally used only during 
exercise, hut may be used for inspiration at rest in patients with lung dis¬ 
ease. These muscles increase the anteroposterior diameter of the chest. 
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TABLE \ 0 - S, Respiratory Muscles 

■mmw liiaHmm gfuiHMn ttmtujMN m ntiiiiunmiHH 

Quiet 

Respiration 


Forced Respiration 


Inspiration Diaphragm Diaphragm 

External intercostafs 
Scalenes 

Sternocleidomastoids 


Expiration None (passive) 




Rectus abdominis 
tntemal/external obliques 
Transversus abdominis 
Internal in ter cost als 


Expiration 

Normalh passive, secondary to the natural elastic recoil of the lung-chest 
wall system. The lungs naturally want to return to their KV, so once the active 
muscle activity of inspiration stops, the lungs recoil back toward RV, 

Expiratory muscles are used during exercise, coughing, or when airway 
resistance is elevated in disease fe.g., asthma). 

Abdominal muscles 
Internal intercostal muscles 



KEY FACT 


tn emphysema, there is destruction 
of elastic tissue, so C increases. 

In fibrotk lung disease, the lungs 
become stiff, so C decreases. 


Lung Compliance 

Compliance describes the distensilnlly of an object. It is inversely propor¬ 
tional to the amount of elastic tissue, and proportional to the work needed 
to expand the lungs. It does not relate to airway resistance. 

Compliance (C) = A Volume (V) / APresstire (P) 


The sleeper the curve, the greater the compliance {be,, a larger volume of air 
will flow for a given change in pressure). Notice that inspiration follows a dif¬ 
ferent curve than expiration (see f igure lfi*20). 


Compliance of the Lung-Chest Wall System 

Since the act of breathing involves both the lungs and ihc chest wall, the sep¬ 
arate compliance curves for both must he summed in order to understand the 
mechanics uf the respiratory cycle (see Figure 10-21). 

Mechanics of Breathing During the Respiratory Cycle 
Forces Defined 

Inward recoil of the lungs: Imvard-directed force created by the elastic tis¬ 
sue in the lungs. In isolation, I he lungs will always collapse to a minimal 
volume, no matter how much air they contain. 

Outward recoil of the chest wall: The outward-directed force created by 
the chest walls tendency to expand to its resting state (— 70% of I LC). 
Intrapleural pressure: The pressure within the pleural cavity. 

[ntra-alveolar pressure: The pressure within the alveoli of the lungs. Is the 
major determinant of air flow into the lungs from the environment. 
Negative pressure: Needed for air to flow into the lungs. 

Positive pressure: Needed for air to flow out of the lungs. 


ti 
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FIGURE 10*20. Hysteresis curve. ( U unpliance (the slope of tl w e 11 r\ e) changes w i 1 1 1 
inspiration and expiration. Notice that at any given volume, the pressure is lower during expira¬ 
tion than inspiration, and therefore the compliance is greater for a given volume on expiration 
than on inspiration. (Modified, with permission, from l.evitzh MG. fWowmi/rv Phvsiologw ”th 
ed T New York: McGraw-Hill, 2007: 20.) 


At Rest 

At rest, when the gas volume in the lungs ks equal to the KRC, the pressures 
created by the lungs (inward recoil) and the chest wall (outward recoil) are 
equal mid opposite. The lungs create positive pressure, and tend to collapse 
due to their elasticity. The chest wall creates negative pressure bv attempting 
to expand. These forces cancel out, establishing a distending pressure (alveo¬ 
lar pressure) of 0. The respiratory muscles are not involved in this process. 
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FIGURE to-21 . Lung-chest wall system. Pressure and volume tracings fur I he lung, chest 
wall, and I lie combined system. 
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Intrapleural pressure = -5 cm H ? 0. 

Intra-alveolar pressure = 0 cm Hit). 

Since C is increased in emphysema, ihc lungs liave a decreased tendency hi 
collapse due to a loss of elasticity. As a result, (he lung-ehest wall system seeks 
a new, higher I RC at which the forces will balance. This is why patients with 
emphysema are barrel-chested. 

Since C is decreased in lung fibrosis, the lungs have an increased tendeuc) 
to collapse. So the system seeks a new, lower I RC at which lire forces will be 
balanced. 


At Maximum Inspiration 

At TLC, the lungs (negative inward elastic recoil) and the chest wall are 
stretched beyond their resting position, resulting in a positive (inward) pres¬ 
sure (i,c,, the chest wall will tend to contract inward). This inward intrapleu¬ 
ral pressure is balanced by an equal negative (outward) force created by the 
muscles of inspiration. 

Intrapleural pressure = -8 cm i l 7 0 

lutra-alveobu pressure <0 cm 1 CO, so air flows into the lungs 



KEY FACT 

i _ 


In a pneumothorax, the negative 
intrapleural pressure is disturbed by 
air entering from the environment 
The positive pleural pressure 
leads to collapse of the ipsilateral 
lung, as well as dissociation uf the 
lung-chest wall system, allowing 
each to move independently. This 
contributes to the subjective feeling 
of dyspnea. 


At Normal Expiration 

The muscles of inspiration relax, removing their strong negative {outward) 
force, 'This allows the lung-ehest wall complex lo return to its equilibrium at 
FRC. 


Intrapleural pressure = -5 cm 1 KO 
Intra-alveolar pressure > 0 cm 1 l 7 0, so air Hows out of the lungs 

At Maximum Expiration 

At RV t there is still some gas left in the lungs. That is, we can never exhale 
enough to fully collapse the lungs. At RV, Ihc chest w all is so stiff and exert¬ 
ing such strong negative (outward) pressure, that the expiratory muscles are 
unable to create enough positive (inward) pressure to exhale any further 

Intrapleural pressure - 20 cm H 7 0 


Intra-alveolar pressure » 0 cm IIXX so air flows out of lungs 


Mechanical Ventilation 

Mechanical ventilators allow physicians to manipulate the pressures that gov¬ 
ern inspiration and expiration. While a detailed explanation of mechanical 
ventilation is beyond the scope of this text, a brief discussion of ihc most com¬ 
mon modes of mechanical ventilation and how they work may be useful. 

Assist control: The ventilator is set to deliver a minimum number of 
breaths at a set IV, and in effect breathes for the patient It will automati¬ 
cally deliver the preset volume if Ihc patient initiates a breath. This mode 
fully supports a patient. 
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Synchronized intermittent mandatory ventilation (SIMV): The ventila¬ 
tor delivers a specified MY at a predetermined rate. The ventilator breaths 
are synchronized with patient-initiated breaths. However, if the patient 
takes an extra breath, the ventilator will not deliver the preset TV. bul 
rather it will lei Ihe patient take in their own MY. 

Pressure support ventilation (PSV): Each patient-initiated breath is sup¬ 
ported by the ventilator providing a specified amount of positive pressure 
to the airway. The volume of each breath is therefore variable. 

Positive end-expiratory pressure (PEEP): PEEP is an option that can be 
added to other forms of ventilation. With it. airway pressure at the end of 
expiration falls not to 0. but is instead maintained at a determined value 
(c.g.* 10 cm I NO), Mill's helps to maintain airway patency during expira¬ 
tion, and is particularly useful in hypoxemic states such as ARDS. 

Alveoli 

Surface Tension 

(lie collapsing pressure of the alveoli is governed hv Laplaces law: 

P = (2T)/r 

P = Collapsing pressure 


T - Surface tension 


r = Alveolar radius 


1 *arge alveoli: 1 lave large r, so are easily kept open. 

Small alveoli: 1 lave small r, so are prone to collapse (atelectasis). 


Mins explains why alveolar collapse is more likely during expiration (smaller 
alveoli). 

Surfactant 

Synthesized by type U alveolar cells and is made up primarily of dipalmitoyl 
phosphatidylcholine (DPPC). 

Lines alveoli and acts like a detergent* reducing surface tension. This helps 
prevent alveolar collapse. 

Surfactant production in the fetus may begin as early as week 24, and is 
usually present In week >5. A lecithin:sphingomyeIin ratio greater than 
2:1 indicates mature surfactant production. 

Neonatal respirator)' distress syndrome can occur in premature infants 
due to their lack of surfactant production. Hi esc infants have atelecta¬ 
sis, decreased C, trouble with inspiration, and hypoxemia due lo \70 
mismatch. 



KEY FACT 


Decreased surfactant, a 
distinguishing feature of ARDS, 
contributes to decreased compliance 
and atelectasis. 


Other Lung Products 

The lung produces some important substances besides surfactant including: 

Prostaglandins. 

I listamine, 

Kullikrein: Activates bradykinin. 

Angiotensin-converting enzyme (ACE): Converts angiotensin 1 lo angio¬ 
tensin II; inactivates bradykinin. 



KEY FACT 

i_ 


ACE inhibitors increase bradykinin, 
causing cough and angioedema. 





Airways 

Flow 

Airflow is proportional to the pressure difference between the mouth (or nose) 
rind the alveoli, and is inversely proportional to I he resistance of the airway. 

Q = AP/R 

Q - Airflow 

AP = Pressure gradient 


R = Resistance 


Resistance 

Governed by Poiseuilles law: 


R = (8riI)/( irr 4 ) 

R - Resistance 
rt = Viscosity of gas 
I - Length of airway 
r = Radius of airway 

Since airway radius is the major determinant of resistance (r*), the major site 
ot airway resistance is the medium-sized bronclii (the smaller bronchi arc 
arranged in parallel, and thus offer less resistance than expected). 


Factors that influence pulmonary resistance 



KEY FACT 


Methemoglobinemia may result 
from treatment with nitrites, and 
is sometimes induced when 
amyl nitrite or sodium nitrite is 
given to treat cyanide poisoning. 
Methemoglobinemia is treated 
by administering methylene 
blue, which provides an artificial 
electron acceptor to reduce the 
methemogfobin. 


Contraction of bronchial smooth muscle: 

Sympathetic stimulation: Airways dilate via (1- receptors, thus decreas¬ 
ing resistance. Albuterol is a common P* agonist, and is used in an 
inhaled form by patients with asthma or COPP. 

Parasympathetic stimulation: Airways const rid, increasing resistance. 
This is seen in asthma as part of the immune response. Ipratropium is 
a common anticholinergic drug used in patients with asthma orCGPD 
Lhat counters this parasvmpathdic bronchncomtrictiun. 

Secretions: 

Increased and/or thickened airway secretions, which are a hallmark of 
GOPD and CP, lead to increased airway obstruction and resistance, 

I amg volumes: 

1 iigh lung volumes: 'There is greater tradinn holding the airways open, 
so resistance is decreased. 

Low lung volumes: There is less traction and increased resistance. Air¬ 
ways are more prone to collapse. 


OXYGEN AND CARBON DIOXIDE 


Oxygen Transport 
Hemoglobin 

Structure: Hemoglobin is a globular protein made up nl four subunits 
(2 a chains and 2 p chains). Each contains a heme moiety, which is iron- 
containing porphyrin. The iron in hemoglobin is in the ferrous (Fc' + ) 
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state, and can bind O,. If the iron is in Ihe ferric (Fe v! ") state, il is called 
mcthemoglobin. and is unable to bind 0 7 . 

O, capacity: The maximum amount ofCX that can be bound to hemoglo¬ 
bin. It is dependent upon hemoglobin concentration, and is measured at 
I 00% saturation. 

O, content: The total amount of O, in I lie blood, both dissolved and 
bound to hemoglobin. Dependent upon hemoglobin concentration. Po-.. 
and the P 5(1 of the hemoglobin. Calculated by the equation: 

O, content = O, bound to hemoglobin + 0-. dissolved in blood 
O-i content = I l,34x Hemoglobin x Saturation) + {0.0031 x Pao 7 ) 
Thus, the O, bound to hemoglobin makes up by iar (be majority ot total 
O, content. 


Oxygen-Hemoglobin Dissociation Curve 

When the curve shifts to the right (see Figure 10-22), the decreased admits of 
hemoglobin tor Ot promotes 0-, unloading to the tissues. 

An increase in Pco 7 , altitude, 2,5 dipbospboglyccrate (2.5 DPG), tempera¬ 
ture, or metabolic needs, or a decreased pH. causes a rightw ard shift of the 
curve. 

A decrease in Pro,, altitude, 2,5 DPG, temperature, or metabolic needs, 
or an increased pi 1, causes a leftward shill of the curve. 

In exercise, Pen, and temperature rise, and pH falls. This promotes a right 
shift and O, unloading to the tissues. 

At high altitudes, 2,5 DPG synthesis is increased, facilitating O, unloading. 
Fetal hemoglobin does not bind 2,5 DPG as strongly as adult hemoglobin, 
shifting the curve to the left and promoting O, uploading onto hemoglo¬ 
bin. This helps the fetus obtain O, from the mother’s RBCs. 

At a Po, of 6(1-100 mniHg, hemoglobin is 100% saturated. Arterial blood 
lias a Po, of around 100 minHg. 

At a Po, of 40 mniHg, hemoglobin is 75% saturated. Venous blood is at this 
level of oxygenation. 

At a Po, of 25 mniHg, hemoglobin is 50% saturated. T his; is the P 5n (50% 
saturation point) of hemoglobin. 


Cyanosis 





MNEMONIC 


A good mnemonic for factors that 
cause a right shift of the 0 ? - 
hemoglobin dissociation curve is 

CADET: 

C: Increased Pta 7 
A: Increased Altitude 
D: Increased 2,3 Dpc 
E: Exercise 

T: Increased Temperature 


KEY FACT 


Carbon monoxide (CO) binds 
to hemoglobin with 240 times 
greater affinity than 0 2 , creating an 
allosteric change in the hemoglobin 
that prevents the unloading of 0 2 
from the three other binding sites. 
This causes a feft shift of the curve, 
and results in hypoxemia in CO 
poisoning. Treatment includes high- 
flow G 7 to competitively remove the 
CO from hemoglobin. 


FIGURE 10-22. O 3 *hemoglobin dissociation curve. 'I he dashed Hues indicate n nrjsl or 

left shift. 23 HJV, - 23 diplim|ilioglyccrak\ 














Carbon Dioxide Transport 

CO : is produced in the body's tissues and carried to the lungs via the venous 
blood. It is transported in three forms: 

L Dissolved CO z> which is free in the bloodstream, 

2. Carbaminohcmoglobin, which is C0 7 hound to hemoglobin. 

T IIGO^, formed hv the combination t>f C0 7 and 1LQ by the enzyme car¬ 
bonic anhvdrase. This is the major form* 

11 1 is reaction reverses in the lungs, where HCCK~ enters RBCs in exchange 
for CI“ and CO z is expired (see Figure 10-23). 

In the lungs, the oxygenation of liemoglobin promotes K he dissociation of CX.) 7 
from hemoglobin. Tins is known as the Haldane effect (see Figure 10-24}. 

Respiratory Acid-Base Disturbances 

The lungs and kidneys are the major determinants of acid-base balance 
within the body. The kidneys can eliminate and reabsorb both base (HCO$“) 
and acid (H + and fixed acids) in lire urine* while the lungs remove volatile 
acid from I he circulation in the form of exhaled CQ 2 . 

Respiratorv acidosis: Caused by a decrease in alveolar ventilation and 
retention of CG 7 (PaC() 7 > 40 imullg), leading to an increase in blood 
[IF] and [ I IGOf]. 

Renal compensation: Increased excretion of H + and NH 4 + and 
increased reabsorption of HCO^" 

Acute respirator} 1 acidosis: Renal compensation has not yet occurred. 
Each KJ-nimHg increase in Paco 7 leads lo I mEq/L rise in HCO-“ 
and 0,08 decrease in pH, 

Chronic respiratory acidosis: Renal compensation lias occurred. Radi 
10-minI Ig increase in Paco, leads to 4 mluj/L rise in HCO^’ and 0,03 
decrease in pH, 

Causes of respiratory acidosis include opiates, sedatives, and anesthetics 
(due to inhibition of the medullary respirator)' center), Guilhin-Barre 
syndrome, ALS, MS (due to weakening of respiratory muscles), airway 
obstruction, ARDS, and COPD I due to decreased (XL exchange). 
Respiratory alkalosis: Caused by an increase in alveolar ventilation and a 
loss of C(X (PaC0 7 < 40 mmllg), leading lo a decrease in blond [IF] and 
(HCOjI. 

Renal compensation: Decreased excretion of IF and NI1 4 L decreased 
reabsorption of BCG-'. 

Acute respiratory alkalosis: Renal compensation has not yet occurred. 
Each 10-mmHg decrease in PaCO, leads to 2 mEq/L decrease in 
I ICO}* and a 0.08 rise in pi I, 



figure r o - 33. CO a transport. CCL handling in the KBC. Ill IE> = rte-ioni/ed hemoglo¬ 
bin. | M otli fieti, with permission, from GaiiongWE Review of Xhdkai P/ivsio/ogv, 22nd ed, 
New York: McGraw-Hill, 2005: 670,) 
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FIGURE 10-24* Haldane effect* .V* RBCspuss lliruiigh fhtr alveolar capillaries and the 
h >> increase?! ftum 70% to almost 100%, the C Xh dissociation curve shifts downward This pro¬ 
motes the dissocial ion ofOCK from llie RBCs. (Modified, with permission, from l^cvil/kv M( i T 
Piihmiwry Physiology. Till ecf, New York: McCmw-l li!l h 2007: 157*) 


Chronic respirator}' alkalosis: Renal compensation has occurred* Each 
10-mmllg decrease in Pat;o 2 leads to 5 mEq/L decrease in IlCCTf and 
a 0.03 rise in pH, 

Causes of respiratory alkalosis include pulmonary embolism, high alti¬ 
tude (due to hypoxemia and increased ventilation rate), psychogenic, 
pregnancy, cirrhosis, and salicylate intoxication (due to direct stimula¬ 
tion of the medullar}' respirator} center). 

Metabolic acidosis: Overproduction of fixed acid or loss of base increases 
arterial \YV] and decreases [HCO.“|. The respiratory compensation is to 
blow off CO-j and thereby raise the pH by hyperventilating (Kussmatil s 
respirations). 

Each 10-tnEq/L decrease in I ICO- - leads to a 10-mmHg decrease in 

PactK. 

The expected PaCOn can be estimated by the following formula: 
Expected PaCO, = 1*5(1 ICQ*”} + 8 ± 2* 

Anion gap = Na - (Cl + I ICC V). 

Causes of anion-gap metabolic acidosis include MUDPILES: Metha¬ 
nol. Uremia, Diabetic ketoacidosis. Paraldehyde, Iron or ixoriia/ad. 
Lactic acid, Ethanol or ethylene glycol, and Salicylates* Causes of 
non anion-gap metabolic acidosis include diarrhea and renal tubular 
acidosis* 

Metabolic alkalosis: Loss ol fixed (I ! + ] or gain of base leads to a decrease 
in arterial [H*] and an increase in arterial |1 ICO. - ]* The respiratory com¬ 
pensation is to retain CO. and thereby lower the pi I by hypoventHating* 
Each 10-mEq/L increase in HCO^" leads to a 7-mmIIg increase in 
PaC0 2 . 

The expected PaCO? can be estimated In the following formula; 
Expected Paco 2 = Oj(HCOf) + 21 ± 2' 

Causes of metabolic alkalosis include vomiting (due to loss of H + and 
volume contraction), hypcraldoslcrouism (increased H‘ secretion in 
the distal tubule), and loop or thiazide diuretics (volume contraction 
alkalosis). 
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Whenever the compensation differs from what is expected, suspect a mixed 
acid-base disorder. 

Pulmonary Circulation 
Characteristics 

live pulmonary vasculature has unique characteristics that set it apart from 
the rest of the vascular system. 

Pressures are much lower in the pulmonary circulation than in the sys¬ 
temic circulation (pulmonary arterial pressure = 25 mini Ig systolic and 10 
mmHg diastolic). 

Resistance is much lower than in the systemic circulation. 

Normal pulmonary vascular resistance ( PVRI = 20-120 dynes/s/em -1 . 
This is - 1/10 of systemic vascular resistance (SVR) (sec'table 10-6). 
PVR changes with lung volume. At high volumes, the alveolar ves¬ 
sels are compressed by stretched alveolar walls, and contribute more 
to PVR. At low volumes, larger extra-alveolar pulmonary vessels are 
compressed due to decreased elaslic traction, and contribute more to 
resistance. 

Total PVR is least at PRC. 

Distribution of Pulmonary Blood Flow 

When a person is supine, blood flow is nearly uniform throughout the entire 
lung. When standing, however, the lungs are divided into three zones based 
upon blood flow and ventilation as affected by gravity (sec Figure 10-25), 
Both are increased as one moves down the lung due to gravity, but blood flow 
increases to a greater degree than ventilation, resulting in a mismatch between 
ventilation (V) and perfusion (Q), This is V/Q mismatch. 

Zone 1: Blood flow is much lower than ventilation here. 

Alveolar pressure > arterial pressure > venous pressure. 

High alveolar pressures compress the capillaries and reduce blood flow. 
O is reduced compared to V, therefore V/Q is increased. In extreme 
cases this can approach dead space (Q - 0, so V/Q = S). 

Pc >2 is the highest and Pccy, is the lowest due lo increased gas 
exchange. 

Zone 2: Blood flow is at a medium level compared with ventilation here. 
Arterial pressure > alveolar pressure > venous pressure. 

Blood flow here is driven by lire difference between arterial and alveo¬ 
lar pressures. 

Zone 5: Blood flow is greater than ventilation here. 

Arterial pressure > venous pressure > alveolar pressure. 

Blood flow here is driven by the difference between arterial and venous 
pressures, as in the systemic circulation. 


TABLE to-6. Calculating Cardiac Output (CO), PVR, and SVR 

imniHTRitnir miniO • —‘rt***— .—"“■*—]——- — — —-■ tit 



Calculation 

Normal Value 

CO 

SV x HR 

5-6 L/min 

PVR 

(Mean PA pressure - Mean LA pjessure)/(CO) x BO 

20-120 dynes/s/cm -5 

SVR 

(Mean arterial pressure - Mean RA pres sure}/(CO) 

770-1500 dynes/s/cm- 5 


x 60 

romrumtiCTii utU^nrmti 















CHAPTER 10 


865 





FIGURE 10-R5. Three lung zones. Illustration showing the relationships between alveolar 
pressure (I’v). arterial pressure r Pa), and serious pressure (Pvt in the three lung zones. 


Q is greater than V. so V/Q is decreased. In extreme eases, lit is can 
approach slutnl (V' = 0 , so V/Q = 0 ), 

PO 7 is the lowest and Pco, is the highest due to decreased gas 
exchange. 

Regulation of Pulmonary Blood Flow 

Hypoxia: In the lungs, hypoxia leads to vasoconstriction. This is in con¬ 
trast to oilier organs, in which hypoxia leads to vasodilation. Hypoxic vaso¬ 
constriction allows blood to be redirected away from poorly ventilated 
regions and Inwards well-ventilated areas. 

Several other factors also affect pulmonary blood flow (see 'Iable 10-7). 

Hypoxemia 

Hypoxemia is defined as a below-normal 0 : content in the arterial blood, usu¬ 
ally indicated by a reduced Pan,. In a normal individual, the blood leaving 
ihe lungs should have an O, tension (P;iO,) approximately equal to the O, 
tension within the alveoli (Pao,). 

Pao, = Fio 2 ( Pit - Pi 1,0) - t P\t:o,/R) 

FlO, = f ractional content of inspired O, (0.21 on room air) 



KEV FACT 


Pulmonary blood flow can be 
measured using radioactive isotopes. 
This method, called V/Q scanning, 
can detect areas of decreased 
perfusion, and is useful for 
evaluating for pulmonary embolisms 
and assessing regional lung function. 



KEY FACT 


In the fetus, PVR is very high due to 
hypoxic vasoconstriction. This allows 
blood to be diverted away from the 
developing lungs. When the infant is 
bom and begins to breathe, the PVR 
decreases. 


Pfi = Barometric pressure i 760 torr at sea level! 


Pu ?0 = Vapor pressure of 11?0 in the alveoli H torr at 37 (> C) 
Paco? - Alveolar CO? tension 


R - Respiratory quotient (0,8) 

For a patient breathing room air, this can be simplified to: 

Pao? - 1 50 - \25{Pm:o 2 ) 

Once Pao? is calculated, I lie expected Pao? can be measured via arterial 
blood gas testing* Hie difference between the Pao? and PhD? is the alveolar- 







TABLE I a - 7. Other Regulatory Factors and PVR 



low pH 

Histamine 

Prostaglandins 

Nrmc 

Oxide Endotheun 

Sympathetic Parasympathetic 

Tone Tone 

Vasoconstriction 

X 



X 

X 

Vasodilation 


X 

X 

X 
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X 


arterial Oj gradient (AaDO,), and should he less than 15 torr, although this 

value can increase with normal aging. 

Etiology 

There arc five main causes of hypoxemia. They include: 

1. Hypoventilation: Hypoventilation is relatively common in lung disease. It 
is characterized by a reduced Pat), and an increased Pa [;() ,. Since alveolar 
ventilation is also reduced, there is no increase in AaDo,. 

2. Decreased inspired O,: This occurs most commonly at high altitudes, 
where the barometric pressure (I’b) is decreased, This causes a reduction 
in I’ai >, due to the decrease in Pao,. Thus, there is no increase in AaDo,. 

There arc several physiologic adaptations to high altitude (see Table 

10 - 8 ). 

5. Poor gas exchange (diffusion impairment): This is a rare cause of hypox¬ 
emia, due to a failure of POy in the pulmonary capillary Wood to equili¬ 
brate with alveolar gas. The AaDo, is increased. 

(), is normally a perfusion-limited gas. This means that O, equili¬ 
brates early along the length of the pulmonary capillary (within the first 
one-third). This leaves a lot of room for compensation in disease states, 
and thus, a failure in O, diffusion is a very rare cause of hypoxemia. 

O, can become a diffusion-limited gas under certain circumstances, 
in which case it does not equilibrate by the end of the pulmonary 
capillary, resulting in the maintenance of a partial pressure gradient 


table 10-3. Response to High Altitude 

lllll l■il ll^ll!^illTlmlrlill^—III I IIM iiii mp i i n iiiiiiii>i* tiiiB M W i T|inmai i Hf m 


Parameter 

Response 

Pao 2 

Decreased 

Pao 2 

Decreased 

Ventilation rate 

Increased 

Arterial pH 

Increased 

Hemoglobin concentration 

Increased 

2,3-DPG concentration 

Increased 

Hemoglobin-Oj curve 

Right shift 

PVR 

Increased 
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between the alveolus and the capillary, This can occur in strenuous 
exercise (due lo increased flow rates), pulmonary fibrosis (due to alve¬ 
olar membrane thickening), and emphysema (due to decreased surface 
area for gas diffusion). 

Krai when there is an abnormality in diffusion, it is usually not great 
enough to cause hypoxemia unless the patient is exercising. 

Diffusion capacity can be measured using cardiac output; resulting in a 
Dl.C() value. This value is a surrogate for the surface area available for 
gas exchange. 

DLCO is decreased in emphysema, interstitial lung disease, and pul¬ 
monary vascular disease. 

DLCO may be increased when there is infra; parenchymal 
hemorrhage, 

4. Shunt: Shunt occurs when sonic blond reaches the systemic circulation 
without being oxygenated in the lungs (V/Q = 0). This deoxvgenated blood 
combines with oxygenated blood from the lungs, reducing Pao> Since the 
PaO? is unaffected, the A\Do 2 is increased. 

Right-to-left shunt; Occurs when blood from the right side of the heart 
enters the svstcnvic circulation without passing through the lungs, 11 is 
seen in tetralogy of Fallot (and other congenital heart disease causing 
righMo-lcft shunts), and always causes a reduction in PaO-,. 

Left-to-riglit shunt: Is more common than right-to-left shunt, because 
pressures are higher on the left side of the heart. It is seen with several 
congenital abnormalities, including a patent ductus arteriosus, or trau¬ 
matic injury. Left-to-right shunts do not decrease Pa0 7l since oxygen¬ 
ated blood is returning to the right side of the heart, raising I lie P() 7 . 

« True shunt can be differentiated from V/Q mismatch by giving the 
hypoxemic patient 1(10% 0 7 . In shunt, increasing inspired Fio 7 does 
not substantially increase Pao 2 . In V/Q mismatch, 100% G 7 will 
increase Pao 7 . 

5. V/Q mismatch: The V/Q ratio is the ratio of ventilation to pulmo¬ 
nary blood flow, or perfusion. Under normal circumstances, V/Q ~ 0.8, 
although it varies with the position in the lungs being highest at the apices 
and lowest at I lie bases. When the V/Q ratio is altered from this normal 
value, hypoxemia can result. There is also an increased AaDch gradient, 

V/Q mismatch in airway obstruction: If the airway is completely 
blocked and blood flow remains, then V - 0, so V/Q = 0, and there h a 
shunt. Since there is no gas exchange, the values of Po 2 and PC0 2 for 
pulmonary capillary blood will approach the values of mixed venous 
blood (Pa0 2 = 40 inmHg, Paco? - 46 mmHg). 

V/Q mismatch in pulmonary embolism: If blood flow is completely 
blocked, then Q = 0, so V/Q - 8, and there is dead space, This results 
in increased CG 7 retention, although this is rarely seen since patients 
with pulmonary embolism (PE) will often hyperventilate, and may 
even become hypocapnic as a result. Local bronehospasm due to the 
PF can also contribute to hypoxemia. 

In most cases of V/Q mismatch, there is neither true shunt nor dead 
space, but simply a reduced V/Q ratio. Areas with a decreased V/Q 
ratio contribute relatively dosaturated blood (low CK content) to the 
systemic circulation. Blood from well-ventilated areas cannot compen¬ 
sate for tills, since the hemoglobin of this blood is already fully satu¬ 
rated and cannot increase its 0 2 carrying capacity; even with increased 
ventilation, hi this case, giving the patient 100% C) 7 will increase the 
patients PaO->. 


i 


CLINICAL 
CORHLL ATION 


Over time, left-to-right shunt can 
cause pressures on the right side 
of the heart to be greater than 
those on the left, This leads to a 
reversal of the shunt to right-to-left, 
causing hypoxemia. This is called 
Eisenmenger's syndrome 
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Hypercapnia 

Alveolar ventilation is the main determinant of Pact v 1 lypercapnia will occur 
when alveolar ventilation is reduced, which can happen in a number of ways: 

Decreased total minute vcntilalion wilhoul a change in ihc Vp/VT ratio* 
Constant minute ventilation with increasing Vn/VT. 1 his can occur vs it1 1 
decreased IV (a greater percentage of the TV is taken up by dead space) 
and increased respiratory rate* 

V/Q mismatch. Well-perfused areas may be undervent dated, while under- 
perfused areas may be over ventilated* When a large amount of ventilation 
goes to underpemised sections of lung, the effect is similar to increasing 
the dead space* The portion of the lung with good perfusion is underven¬ 
tilated, reducing effective alveolar ventilation. These combine to result in 
hypercapnia. 

The response of the body to hypercapnia is often to increase alveolar venti¬ 
lation by hyperventilating and blowing off more GCL* T hus, CG^ retention 
may not occur even if the above criteria are met. 

Control of Respiration 
Central Control of Respiration 

Medullary respiratory center: Located in the reticular formation. Damage 
to this region due to stroke nr other incident can lead to respiratory failure 
and death* 

Dorsal respiratory group: Responsible for inspiration* arid determines 
the rhythm of breathing. The vagus and glossopharyngeal nerves trans¬ 
mit information from the peripheral chcmoreceplors and media- 
noreceptors in the lungs* Output travels via the phrenic nerve to the 
diaphragm. 

Ventral respiratory group: Responsible for expiration, and is not active 
during passive expiration in normal breathing* 

Pneumotaxic center: Located in the upper pons* Inhibits inspiration, 
helping to regulate inspiratory volume and rate. 

Apneustic center; Located in the lower pons. Stimulates inspiration. 
Cerebral cortex: Exerts voluntary control over breathing* 

Chemqreceptors 

Central chemorcecptors in the medulla: Respond to the pi I of the CSC 
with decreases in pH causing hyperventilation. C0 7 from arterial blood 
diffuses into the CSF and combines with ILO to form H + and I ICO^“. 
Peripheral ehemorcceptors in the carotid and aortic bodies: Increased 
Pac;o 7 or decreased pH or Pao 7 stimulate these chemoreceptors to increase 
respiratory rale. PaO-> must reach quite low levels {< f>0 nunllg) before 
breathing is stimulated. 

Other Receptors 

Lung stretch receptors: Located in the airway smooth muscle, these 
receptors arc stimulated by distention of the lungs and produce a reflex 
decrease in breathing rate (I Icring-fireucr reflex). 

Irritant receptors: Located between airway epithelial cells and stimulated 
by noxious substances, 

J receptors: Located close to the capillaries in the alveolar walls. Dilation 
of the pulmonary capillaries, as occurs in heart failure, stimulates these 
receptors, causing rapid, shallow breathing. 

Joint and muscle receptors: These are activated by limb movement, and 
help to stimulate breathing early in exercise* 
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Obstructive lung diseases are a group cjf disorders whose distinguishing fea¬ 
ture is airflow obstruction. The three major obstructive disorders comprise 
chronic obstructive pulmonary disease (COPD), including emphysema and 
chronic bronchitis* asthma* and bronchiectasis. Airflow obstruction can orig¬ 
inate ai any point in the respiratory tree, horn the bronchioles to the main 
stem bronchi. All lead to a marked decrease in forced expiratory volume in 
1 second (FEVj), a normal or increased forced vital capacity (FVC). and 
therefore a decreased FEVjiFVC ratio. This is the hallmark of obstructive 
lung disease. 

Emphysema 

Destruction of alveolar walls leads to the loss of clastic recoil within the lung 
and dilation of the terminal airspaces. 

Proteolytic enzymes (i.c,, dastasc) digest elastin, the component responsi¬ 
ble for elastic recoil in alveolar walls. Enzymes like a]-andtrypsin prevent 
elastase from being active constituent!}. 

Smoking: Cigarette smoke acts by attracting neutrophils and mac¬ 
rophages, which produce elastase, and by inactivating a (-antitrypsin. 
Hereditary a|-antitrypsin deficiency: This makes up a small subgroup 
of cases of emphysema (approximately 1%). 

The loss of elastic recoil in the lung parenchyma shifts the compliance 
curve of the lung upward and to the left (sec Figure 10-26). resulting in: 
Decreased driv ing pressure for expiratory airflow, which leads to pro¬ 
longed expiration to maximally empty the lungs. 

Loss of radial traction on the airways due to destruction of parenchymal 
tissue. This leads to airway collapse during expiration and air trapping. 

The prolonged expiratory phase seen in emphysema lengthens the over¬ 
all length of a single respiratory cycle. Since patients need to ventilate at a 
high enough rate to remain oxygenated despite the prolonged respiratory 
cycle, patients will often begin inhaling llieir next breath before all of flic 
air from the previous breath is expired. ( his traps the nonventilalcd air in 
their lungs. Over time* lliey breathe at higher and higher volumes (dynamic 
hyperinflation). 

Presentation 

Chronic dyspnea with or without cough. Dyspnea and de&ihiralhm arc often 
worsened by exertion* and can be exacerbated by respiratory trad infections* 
air poll titan Is* bronchospasm* nr CHI 1 '. 

“Pink puffer”: Arterial Piis well preserved, so patients are not cyan¬ 
otic ("pink"}. While ventilation and perfusion are both decreased, thev 
arc often well matched, so \7Q mismatch is not severe. Patients require a 
high minute ventilation to maintain normal levels of P(K and Pco^, and 
so "puff," working hard togei air in. Although this is the classic presenta¬ 
tion, many patients do not fit this description. 
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FIGURE 10-26. Lung compliance in pulmonary disease. I lit* lung compliance curve 
shifts iij) and to tin left in COPD. and down and to (lie riglil in restrictive lung disease. 


Diagnosis 

Physical exam: 

Thin <>f cachectic 

Leaning forward on extended arms {“tripoding”)* using accessory mus¬ 
cles of respiration 

Increased anteroposterior {AD diameter of the chest, due to hyperinfla¬ 
tion of the lungs 

Prolonged expiration, with decreased breath sounds. Occasionally, 
wheezes on forced exhalation 

Chest X-ray: Hypcrinfluted lungs, flattened diaphragm, and increased AP 
diameter. Paucity of vascular markings {arterial deficiency) in the upper 
lobes with or without bullae in classic emphysema. These changes can be 
seen in the lower lobes in otj-antitrypsin deficiency. 

Pulmonary function testing: Decreased EEVj and FEVjTVC ratio. KVC 
is often preserved. Air trapping leads to increased TLC, ERG, and RV. 
Diffusing capacity: Surface area for gas exchange decreased, so Dlco 
decreased. 

Arterial blood gas testing: Both Path and P. 1 CO 7 are normal or slightly 
decreased. During acute exacerbation. Pan, may drop and PaCO, may rise, 
with a corresponding drop in pi I, 

Pathology: Two major subtypes of emphysema. 

Panacinar (panlobar) emphysema: Characterized by dilation of the 
entire acinus (including the respiratory bronchioles, alveolar ducts, and 
alveolar sacs), distributed uniformly throughout the lung. Associated 
with aj-nntitrypsiu deficiency. 

Centriacinar (ccntrilobular): Characterized by dilation of the proxi¬ 
mal part of the acinus (the respiratory bronchioles). The pattern of 
involvement is more irregular, and is often localized lo the upper parts 
of the lungs. Associated with smoking. 
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Treatment 

Inhaled bronchodilators (p-,-agonists [albuterol, salmeterol] or antiolmlin- 
ergics [ipratropium, tiotrophun]) can reduce airflow obstruction, [V or PO 
corticosteroids are used during acute exacerbations, and arc given long¬ 
term via inhaler for chronic disease, Supplemental O-, is useful in patients 
with hypoxemia. Lung volume reduction surgery has been found to benefit a 
small subset of COPD patients, but may not be appropriate for the majority of 
COPD patients. Pulmonary rehabilitation is often helpful. 

Prognosis 

Lifelong and chronic. Often coexists with, or may be complicated by. chronic 
bronchitis. Pneumothorax can occur due to rupture of a surface bleb or tear 
ill the airways. 

Spontaneous Pneumothorax 

The classic patient is a tall, thin young male describing sudden onset of short¬ 
ness of breath and chest pain, often without exertion. The rupture of a lung 
bleb (a fluid-filled sac) is usually the cause of lung collapse, The deflated lung 
produces the following signs upon examination of the ipsilateral chest: 

Asymmetrical expansion 
» Absent fremitus 

1 lypcrrcsonancc on percussion 

Decreased breath sounds 

Tracheal deviation away from the lesion 

In addition, the collapsed lung may be identified on a chest radiograph, as 
shown in Figure 10-27. 

Chronic Bronchitis 

Defined clinically as a productive cough occurring for at least s months 
per year over at least 2 consecutive years. Characterized by excessive mucus 



FIGURE 10-3 7. Spontaneous pneumothorax on the right side. The outline of the riebt 
lung is visible (red arrow), abnormal)} separated from llic parietal pleura, (Adapted, with per¬ 
mission. bom Dohertv GM. Wav 1 .W. Current Surgical 1 liagnosis Or Treatment. 12th cd, New 
York; McGraw-Hill, 200&. 3-19.)' 
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production in the airways. The nuicus itself is often more viscous in chronic 
bronchitis. 

Smoking causes proliferation and hypertrophy of bronchial mucous 
glands. It also damages cilia lining the bronchial lumen, impeding mucus 
clearance. There is also an influx of inflammatory cells, leading to airway 
in {lamination. 

The increased mucus production and airway wall thickness decreases the 
cross-sectional area, increasing resistance and inhibiting air flow. 

Presentation 

Chronic productive cough, dyspnea. 

“Blue bloater”: Patients arc often hypoxemic and cyanotic (“blue"), due 
to decreased ventilation in diseased airways with relative preservation of 
perfusion, resulting in V/Q mismatch. They arc also frequently obese and 
can have peripheral edema due to right ventricular failure ("bloater"). 
However, there is a great deal of overlap between chronic bronchitis and 
emphysema in many patients. 

Diagnosis 

Physical exam: 

Often obese and sometimes cyanotic. 

Breath sounds characterized by wheezing and rhonebi. 

Chest \-ru\: Often normal, but there may be evidence of pulmonary 
hypertension and cor pulmonale. 

Pulmonary function testing: Airflow obstruction results in decreased FEV| 
and FEVpFVC ratio. FVC is often preserved. With pure airway disease, 
TLC and PRC should remain normal. However, in patients with dynamic 
hyperinflation, PRC and RV may be increased. 

Diffusing capacity: Often normal. 

Arterial blood gas testing: Pat), is often decreased and PaCO, is increased. 
Bicarbonate is elevated in an attempt to compensate for the decreased pi 1. 
Pathology': Increased number of goblet cells. The Reid index, which com¬ 
pares the thickness of mucous glands to the thickness ol the ainvaj' wall, is 
increased. 

Treatment 

Bronchodilators and corticosteroids are used as in emphysema. Supplemen¬ 
tal O-, can prevent hypoxemia, reduce hypoxic vasoconstriction and poly¬ 
cythemia, therefore reducing the incidence of pulmonary hy pertension, it is 
the onlv inters cut ion that has been shown to reduce mortality. Chest phys¬ 
iotherapy (percussion, coughing, and postural changes) can loosen and clear 
airway secretions, and pulmonary rehabilitation is helpful. 

Prognosis 

Pulmonary hypertension, secondary to hypoxemia and pulmonary vasocon¬ 
striction, and eventually cor pulmonale can develop. 

Asthma 

Affects 5%— 5% of the population and is characterized by hyperrespoiisive- 
ness of the airways, resulting in bronchoconstrieliou. There are extrinsic and 
intrinsic subtypes, each with differing underlying pathophysiology'. 

Extrinsic asthma: Mediated In a type l hypersensitivity reaction involving 
Igl’l and mast cells. Often begins in childhood, in patients with a family 
history of allergy (see Table KWl. 




TABLE J o - 9 * Common Epithelial-Derived Inflammatory M ediators in Asthma 


Inhaled/Luminal Stimuli (e,g„ Allergens, 
Pollutants, Cytokines) 

Physiologic Effect(s) 

Endothelrn-l 

Bronchoconstrictfon 

NO 

PGE 2 

15-HETE 

Vasodilation 

Cytokines: 

Inflammation 

GM-CSF 


IL-8 


RAMIES 


Botaxin 


Growth factors: 

Fibrosis 

EGF 

Small muscle hyperpfasia 

IGF-T 


PDGF 



Contraction of airway smooth muscle, mucosal edema, and secretions within 
the lumen contribute to airway narrowing, increasing resistance and reducing 
airflow, especially during expiration. (EOF = Endothelial growth factor; 

GM-CSF = granulocyte-macrophage colony-stimulating factor; IGF-1 = insulin-like 
growth factor-1; IL-8 — interleukin-8; tS-HETE = IS-hydroxyeicosatetraenoic 
acid; NO ** nitric oxide; PDGF = pi ate let-derived growth factor; = prostaglandin 
PGE2 E2.) 


Intrinsic asthma: Includes asthma associated with chronic bronchitis as 
well as exercise- or cold-induced asthma. 



KEY FACT 


In both, airway inflammation leads to bronchial hyper responsiveness. Impli¬ 
cit led in this inflammation arc eosinophils, lymphocytes, histamine* leulcol- 
ricnes, and IjjK. Between attacks* most asthmatics have relatively normal 
physiology. 

Presentation 

Cough* dyspnea, wheezing* and chest tightness. 


Some asthmatics may be 
sensitive to aspirin, which inhibits 
cyclooxygenase and favors the 
production of leukotrienes (which 
play a rote in airway inflammation 
and are potent bronchoconstridors) 
from arachidonic acid. 


Diagnosis 

Physical exam: Tachypnea. Prolonged expiration and wheezing on ausculta¬ 
tion. 

Mcthacholinc (a cholinergic agent) nr histamine inhalation: Used as 
a diagnostic too! for bronchoprovocation challenge. When a person 
with asthma inhales a small dose of one of these agents, they experience 
bronchocomt riction. 

Pulmonary function testing: During an acute attack, airflow obstruction 
results in decreased FEV ( and IFV^FVC ratio (FVC is often normal), 
anti dynamic hyperinflation leads to a normal or increased TLC* and an 
increased IRC and RV (see Figure 10-28), Between attacks, PFTs are 
oflen normal, although there may be small changes* such as decreased 
maximal midexpiratoiy flow and increased RV. 

Patients with asthma can often monitor their own respirators' status with 
portable peak flow meters. 
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Reduced tethering 
forces 



Flow 



FIGURE 1 o - 2 B . Changes seen in asthma. I lie inflammation in asthma leads to airway 
wall thickening, edema, and mucus secret ion. dliis leads to a restrictive pattern on spirometry. 
I Modified, w it It permission, from 1 tanla Ml% Welsh Cl I, Current Diagnosis C Treatment in 
Pii/mondry Yki/idru?, New York: McGraw-Hill, 2G03.J 


Arterial blood gas testing: During an attack, PaO? is often reduced due to 
hypoxemia resulting from V/Q mismatch. PaCO^is also reduced, because 
patients will hyperventilate, PaC0 2 levels that normalize or become ele¬ 
vated during an asthma attack may indicate worsening airway obstruction 
or a tiring individual who can no longer maintain a high minute ventila¬ 
tion rate* 

Pathology: Edema and cellular infiltrates (eosinophils and lymphocytes) 
seen in the bronchial wall Denuding of the epithelium, hypertrophy 
and hyperplasia of the smooth muscle layer, and enlargement of mucous 
glands with an increased number of goblet cells are also seen. 

Treatment 

P?-Agnnisl (albuterol) inhalers help bronchodilate and reduce airflow 
obstruction. 

Corticosteroids: Used to reduce inflammation, h dialed form given to 
reduce systemic side effects. Oral or parenteral steroids are used in acute, 
severe attacks. 

Xanthines (theophylline): These drugs increase cAMP, leading to airway 
dilation. They may also have an anti-inflammatory effect. 

Cromolyn: Inhibits the release of inflammatory mediators from mast cells, 
Leukotriene blockers: Zi leu ton inhibits 5-lipoxygeuase, which reduces 
the production of leukotrienes. Montelukast and /afirlukast are leukot- 
riene D^-receptor antagonists, 

Omalizumab: Monoclonal antibody that binds circulating IgK, reducing 
airway inflammation. 

Prognosis 

May improve with age or be a life-long condition, A severe attack that is 
refractory to hmnchodilators (status asthmaticus) ma\ require assisted ventila¬ 
tion and can result in death. 

Bronchiectasis 

An irreversible dilation of airways caused by inflammatory destruction of air¬ 
way walls, leading to colonization by bacteria and pooling of secretions. The 
ability to fight off infection is compromised with constitutive colonization. 
The bacteria and host may form a stable relationship that can be interrupted 
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by acute exacerbations of the infection. Bronchiectasis has multiple etiologies, 
including: 

Infection: May be viral, bacterial, or fungal. Examples include tuberculo¬ 
sis* pertussis, and allergic bronchopulmonary aspergillosis. 

Obstruction, often by tumor. 

A defect in airway clearance of, or protection against, bacterial pathogens 
can also lead to bronchiectasis. An example is Kartageners syndrome 
which results in ciliary dysfunction and manifests as sinusitis, bronchiecta¬ 
sis, and situs inversus. 

Patients with evstic fibrosis also develop bronchiectasis disc to the produc¬ 
tion of thick secretions that arc difficult to clear, and chronic infection 
with multiple pathogens. 

Presentation 

Cough and copious, purulent sputum production, hemoptysis. 

Diagnosis 

Physical exam: 

Localized crackles or rhonchi may be heard. 11 is also common to hear 
squeaks and pops. 

Clubbing may also be seen in some patients. 

Chest X-ray; Often nonspecific abnormal findings, including increased 
markings, crowded vessels, or “ring ‘ shadows corresponding to the dilated 
airways. 

CT: Has become the preferred method both to diagnose bronchiectasis 
and to evaluate location and extent of disease. 

Pulmonary function testing: Often normal, but can also show obstructive 
pattern. 

Arterial blood gas testing: Usually normal, except in patients with very dif¬ 
fuse disease, who can exhibit hypoxemia and hypercapnia. 

Pathology: Marked dilation of the airways in one of three patterns: cylin¬ 
drical, varicose, or saccular. Increased secretions are also seen. The arter¬ 
ies also enlarge and proliferate. New anastomoses may form, leading to 
hemoptysis (sec Figure 1(1-29). 



FIGURE 10-39. Bronchiectasis. Multiple bioiulneetatic cavities can he seen on .i nit sec¬ 
tion of lung. (Image courtesy of PE JR Digital Library [liltp://j>cir.iiet],) 
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FLASH 

FORWARD 


Anlipseudomonal drugs indude 
tEcartillin and piperacillin, 
ciprofloxacin some third- and fourth- 
generation cephalosporins, and 
certain aminoglycosides. 


Treatment 

Inhaled bronchodilators are useful in patients with coexisting airway obstruc¬ 
tion. Antibiotics are given to treat both acute and chronic infections. Bron¬ 
chopulmonary drainage with physical therapy helps to clear secretions 
from the dilated airways. In Cl 1 ' patients. DNAse is used to break up thick 
secretions. 

Prognosis 

In severe cases, cor pulmonale can develop. Colonization with Pseudomonas 
aeruginosa is frequent 


RESTRICTIVE LUNG DISEASES 


Restrictive lung diseases are characterized by reduced expansion of the 
lungs and a decrease in TLC. FKVj and FVC are both reduced, but the 
FEVpFVC ratio is normal or increased. Main categories of restrictive lung 
diseases arc cxtrapulmonary disorders, in which the defect is extrinsic to I he 
lung parenchyma, and interstitial lung disease, in which the problem is within 
the lung parenchyma. 

Extrapulmonary Restrictive Disease 

Includes disorders of the chest wall or neuromuscular disease. 

Neuromuscular disease: Lead to weakness of the respiratory muscles. 
Patients alter their pattern of breathing, taking more frequent, shallow 
breaths. This increases the VD:Vl ratio, reducing alveolar ventilation and 
increasing Pact),. Ineffective cough can lead to recurrent respiratory infec¬ 
tious, the accumulation of sec ret ions, and atelectasis. 

Guillain-Barre syndrome 
Myasthenia gravis 
Poliomyelitis 
Post-polio syndrome 
Amyotrophic lateral sclerosis 

Diaphragmatic disease: May lead to hypoventilation and respiratory 
failure. 

Diaphragmatic fatigue: Due to increased work of breathing, decreased 
energy supply to the diaphragm, and inefficient diaphragmatic contrac¬ 
tion. 

Unilateral diaphragmatic paralysis: Due to trauma or disease affecting 
the ipsilateral phrenic nerve, including impingement by tumor. 

Bilateral diaphragmatic paralysis: Often due to a neuromuscular cause 
or phrenic nerve palsy. 

Diseases affecting the chest wall: Distortion of the chest wall or dia¬ 
phragm leads to hypoventilation of lung regions. V/Q mismatch, and occa¬ 
sionally hypoxemia. 

Kyphoscoliosis: Abnormal curvature of the spine in I he lateral and 
anteroposterior directions. As a result, the rib cage becomes stiffer and 
more difficult to expand. 

Obesity: Excess soft tissue makes the chest wall stiffer and less compli¬ 
ant, in addition to exerting pressure on the abdominal contents, forc¬ 
ing the diaphragm up to a higher resting position. One serious conse¬ 
quence of this includes obesity-hypoventilation syndrome, also known 
as pickwickian syndrome, which is characterized by a reduced central 
drive to breathe. 







Presentation 

Most often dyspnea* especially with exertion. 

Diagnosis 

Physical exam; 

Neuromuscular disease: Nonpulmonarv manifestations of individual 
neuromuscular disease. 

Diaphragmatic disease: Paradoxical movement of the diaphragm 
inward during respiration. 

Chest X-ray: Assess for kyphoscoliosis* diaphragmatic para I vs is. 

Respiratory muscle forces (maximal inspiratory [MIP] or expiratory [MEP] 
pressure): These represent the maxi mum forces that a patient can gener¬ 
ate against a closed mouthpiece, which arc then measured. Assesses the 
strength of the respiratory' muscles* 

Pulmonary function testing: Decreased TLC* FRC, RV (except some neu¬ 
romuscular diseases in winch PRC is normal and RV is elevated),, FEVj 
and FVC* with a normal or increased FEVpFVC ratio. 

Treatment 

Supplemental O z (jr mechanical ventilation may be needed for patients with 
severe disease. The underlying disorder must be treated before irreversible 
pulmonary sequelae develop. 

Prognosis 

Diseases of the chest wall resulting in bvpoxemia can lead to pulmonary 
hypertension and cor pulmonale. Progressive disease can lead to chronic 
respiratory acidosis. 


INTERSTITIAL LUNG DISEASES 


Acute Respiratory Distress Syndrome (ARDS) 

A syndrome that results from diffuse alveolar damage and leakage of fluid out 
of the pulmonary capillaries into the inierstitium and alveolar spaces. Causes 
include pneumonia, inhalation of irritants, ()■> toxicity, heroin overdose, 
shock, sepsis, aspiration of gastric contents* trauma* uremia* acute pancreatitis, 
bead trauma, multiple transfusions, DIG, and fat or amiiiotic fluid embolism. 

The initial injury in ARDS affects the type I alveolar epithelial and/or cap¬ 
illary endothelial cells* resulting in leakage of protein-rich fluid. Alveoli 
become flooded with fluid* preventing ventilation. This leads to shunting and 
V/Q mismatch* causing hypoxemia* Surfactant function and production is 
altered, resulting in alveolar collapse. Pulmonary vascular resistance increases, 
changing llw distribution of pulmonary blood How and leading to further V/Q 
mismatch, 'Hie net result of alveolar filling is a reduction in pulmonary com¬ 
pliance. ARDS is defined by the following criteria: 

Bilateral infiltrates 
IWFlO z < 200 

Normal I A pressure or wedge pressure < 18 mm Mg 

Presentation 

Dyspnea and tachypnea, usually in a critically ill patient. 
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Diagnosis 


Physical exam: Crackles are oflcn heard on auscultation. 

Chest X-ray: May appear normal at onset, but eventual) v progresses to dif¬ 
fuse, symmetrical interstitial anti alveolar edema. Air bronchograms may 
he visible (see Figure 10*30), 

Pulmonary function testing: Nol usually performed, but would see a 
restrictive pattern with a reduced Dlco. 

Arterial blood gas testing: 1 Ivpoxcmia and hypocapnia, with a large AaDo2. 
Supplemental 0^ may not increase Po 7 greatly due to shunt. 

Poi/Fiol < 200 mmHg in ARDS. 

Pulmonary capillary wedge pressure is normal. 

Pathology 

Damage to type 1 alveolar epithelial cells, with hyperplasia of type li cells. 
Interstitial and alveolar fluid is present, with an inflammatory cell infiltrate. 
Areas of alveolar collapse. Hyaline membranes; fibrosis, and changes in the 
pulmonary vasculature can also be seen (see Figure 10-3]). 

Treatment 

Treat the underlying cause of ARDS. Patients are typically intubated, mechan¬ 
ically ventilated using low-volume ventilation, and managed in an ICU, 

Prognosis 

High mortality (>0%-50%), largely due to the underlying cause rather than 
the pulmonary effects of ARDS. In patients who recover, long-term respiratory 
sequelae arc often minor. 

Neonatal Respiratory Distress Syndrome 

The most common cause of respiratory failure in newborns, and the most 
common cause of death in premature infants. It results from a deficiency of 
surfactant, due to immaturity of the lung, Tire decreased surfactant leads to 
atelectasis due to increased surface tension in the air-liquid interface, \70 



figure i 0-30. Chest X-ray of a patient with ARDS, Diffuse, bilateral interstitial and al¬ 
veolar infiltrates are seen, (Reproduced, with permission, from Kasper PL Uraunwald E, et al. 
Humfrojijf Principles of Internal Medicine, 1 fit lied, New York: McGraw-Hill, 2005: 1593:) 
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figure i o - s i, Alveolar damage in ARDS. The alveoli -ire congested jnd edematous, and 
the classic hyaline membrane can be seen. (Courtesy of the l informed Sen ices 1 Jttiversily of 
the Health Sciences. I 


mismatch, and shunting. Predisposing factors include prematurity?, maternal 
diabetes mcllitus (DM), and delivery by cesarean section. 

Presentation 

Dyspnea and tachypnea 

Diagnosis 

Physical exam: Infants may appear cyanotic, and crackles can lie heard on 
auscultation. 

Fetal pulmonary' maturity' can be assessed by measuring the ratio of sur¬ 
factant lecithin to sphingomyelin in the amniotie fluid. A ratio of 2:1 or 
greater indicates lung maturity'. 

Chest X-ray: Low lung volumes* diffuse ground-glass appearance with air 
branch ograins. 

Arterial blood gas testing: Hypoxemia, hypocapnia, with a large AaDo-,. 
Hypoxemia that is refractory' to supplemental 0 2 due to shunting. 
Pathology: Lungs arc heavier than normal, with alternating atelectatic 
areas and dilated alveoli. The pulmonary vessels are engorged, with leak¬ 
age of fluid into the alveoli. Hyaline membranes arc also seen. 

Treatment 

Exogenous surfactant administration. Mechanical ventilation with PEEP 
Inhaled nitric oxide. Antenatal maternal corticosteroid therapy to promote 
lung maturity. 

Prognosis 

Bronchopulmonary dysplasia can develop due to treatment with high- 
concentration CL and mechanical ventilation. May be associated with PDA, 
intraventricular hemorrhage, and necrotizing enterocolitis. 

Pneumoconiosis 

A group of interstitial lung diseases caused by the inhalation ol inorganic 
and organic dusts. This produces varying degrees of pulmonary-’ fibrosis, with 
accompanying decreased compliance, reduced lung volumes, and destruction 
of the alveolar-capillary' interface, leading to V/Q mismatch and hypoxemia. 
Four common inorganic pneumoconioses are: 

Silicosis: Seen in sandblasters, rock miners, quarry workers, and stone¬ 
cutters. 

Coal worker s pneumoconiosis: Due to inhalation of coal dust, which con¬ 
tains both silica and carbon. 
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figure 10-32. Silicotic nodule. Silica dust is engulfed In macrophages, in Minting an 
inflammatory response. Concentric arcus d acellular fibrosis arc seen. (Courtesy of lire Uni¬ 
formed Services University of the Health Sciences*) 


Asbestosis: Due to inhalation of asbestos fibers. Seen in insulation, ship¬ 
yard* and construction workers, as well as mechanics* 

Berylliosis: Inhalation of the metal dust beryllium. Seen in workers in 
aerospace, nuclear weapons, and electronics industries. 

Presentation 

Dyspnea, especially with exertion. 

Diagnosis 

Physical exam: Bibasilar crackles heard on auscultation. Clubbing mav 
also be seen. 

Chest X-ray: Nodular opacities seen in silicosis, coal workers pneumoco¬ 
niosis, and berylliosis* A more linear pattern is seen in asbestosis. Calcified 
pleural plaques are also seen in asbestosis. 

Pulmonary function testing: Decreased TLO, MIC, RV, and FYC, 
with a normal or increased FKVpFVC ratio, Dleo is also decreased. 
Arterial blood gas testing: 1 lypoxemia, often with normo-or hypocapnia. 
Pathology; Sec Figures 10-32, 10-33, and 10-34* 

Berylliosis: Granulomas form due to cellular immune reaction to the 
beryllium. 

Treatment 

Avoid further exposure. No curative treatment. 



figure I 0*33* Coal macule* Black, rmn-fibrotiecoal macule seen in a patient with coal 
worker's pneumoconiosis. 'Hie macule is a i ollcctinu of coal dnsl surrounded by little I issue re¬ 
action, Small areas oi focal emphysema may also be seen* (Courtesy of tire Uniformed Services 
University of the I leallh Sciences.) 






figure 10-14. Ferruginous body. Prussian blue slain of :i ferruginous hotly in a patient 
with asbeilosis. ’Ilie asbestos fibers are taken up In alveolar macropliages, leading to diffuse 
interstitial fibrosis, forming ferruginous bodies, These are yellow-brown, rod-shaped bodies 
with clubbed ends, which slain positively with Prussian blue. Dense, liyalini/ed. fibrocalcific 
plagues are seen on the parietal pleura t { Courtesy of the l Ini formed Sen'ices University of the 
[ leallti Sciences,) 


Prognosis 

Silicosis: Associated with increased susceptibility toTH. 

Coal workers pneumoconiosis: Simple CWP often in consequential. It 
CWP leads to progressive massive fibrosis, it can lead to bronchiectasis, 
pulmonary hypertension, and death from respiratory failure or right-sided 
heart failure, 

Asbestosis: Predisposes to bronchogenic carcinoma and, less commonly, 
malignant mesothelioma of the pleura or peritoneum. Cancer risk 
increased greatly by cigarette smoking. 

Berylliosis: Can mimic sarcoidosis, with granulomas in multiple organ 
systems. 


RESTRICTIVE LUNG DISEASES OF UNKNOWN ETIOLOGY 


Includes many disorders of unclear origins that lead to pulmonary fibrosis. 
About 65% of patients with interstitial lung disease fall into this category. 
Includes sarcoidosis, Goodpasture’s disease, Wegeners granulomatosis, idio¬ 
pathic pulmonary fibrosis, and chronic eosinophilic pneumonia, 

Sarcoidosis 

Characterized by noncascating granulomas, often involving multiple organ 
systems. 

Presentation 

More common in women and African Americans. Presents in young adult¬ 
hood, Most often discovered incidentally on chest X-ray, Can present with 
dyspnea or non productive cough. Less often, presents with ext rapu In innary 
symptoms. 

Diagnosis 

Chest X-ray: Bilateral hilar lymphadcnopathy, diffuse reticular densities. 
Divided into four stages based on chest X-ray and Cl’ findings: 

Stage 1: I filar lymphadenopathy. 

Stage 2: Hilar lymphadennpathy and interstitial changes. 

Stage >: No lymphadenopathy, only interstitial changes. 

Stage 4: Pulmonary* fibrosis. 
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Reduced sensith ity/anergv tit skin lest antigens. 

Laboratory findings: Hypercalcemia (due to increased 1,25-OH vitamin D 
production by activated macrophages), hypercalcitiria, hypergammaglobu¬ 
linemia, increased ACE activity. 

Biopsy showing noncaseating granulomas in the lung with a negative 
microbiology work-up is highly suggestive (see Figure 10-35). Granulomas 
often seen in multiple organs. 

Treatment 

Many patients do not need treatment. Criteria for receiving treatment include 
impaired pulmonary function or worsening radiologic findings, systemic 
symptoms that interfere with activities of daily living, ocular disease, heart 
disease, and hypercalcemia. Treatment consists of systemic corticosteroids or 
other immunosuppressive drugs. 

Prognosis 

Natural history is very variable. In some patients, clinical and radiographic 
manifestations resolve spontaneously. In others, symptoms persist without pro¬ 
gression. In a small minority, the disease progresses to widespread pulmonary 
fibrosis. 

Idiopathic Pulmonary Fibrosis 
Presentation 

Insidious onset, often between 50 and 70 years of age. Dyspnea. 

Diagnosis 

Physical exam: Dry crackles or rales on auscultation, clubbing. 

Chest X-ray: Diffuse, interstitial pattern bilaterally- Seen more at the bases 
and peripheral portions of the lung (see Figure 10-36). 

Biopsy: Definitive diagnosis, shows chronic inflammation and fibrosis of 
the alveolar walls. 



FIGURE 10-55. Photomicro graph from a patient with sarcoidosis. Noncaseating grain i- 
Ininas and a nitiltimideatcd giant cell arc seen. (Image courtesy nfPEIR Digital Library [http:// 
peir.net].} 
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FIGURE t o-36. CT of a patient with idiopathic pulmonary fibrosis. Image demonstrates 
inlmilat reticular abnormalities with fraction bronchiectasis and honeycombing. (Reproduced* 
with permission* from Kasper DU Braumvald K. dal thtrrmm Principles of Interim! Medi¬ 
cine , 16tli cd, New York: McGnuv-l lill, 2005: 1556*) 


Treatment 

Systemic corticosteroids and other immunosuppressive drugs are used, hut 
arc not very effective. Lung transplantation may he an option for younger 
patients. 

Prognosis 

Rapid disease progression, with a mean survival of 2-? years. 

Goodpasture's Syndrome 
Presentation 

Pulmonary hemorrhage with concomitant kidney disease* 

Diagnosis 

Anti-type IV collagen a utuanti bodies* 

Biopsy of kidney: Anti-CRM auloantibodics cross-read with the basement 
membrane of the alveolar walls. 

Treatment 

Plasmapheresis with or without immunosuppressive therapv to reduce the 
burden ofanti-GBM antibodies* 

Prognosis 

Therapy can often control symptoms* 

Wegener's Granulomatosis 
Presentation 

Cough, dyspnea, hemoptysis. Persistent rhinorrhea* bloody/purulent nasal dis¬ 
charge. Pulmonary* upper respiratory, and kidney disease. 
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Diagnosis 

Clies! X-niv: One or several nodules, infiltrates, often with cavitation (see 
Figure 10-37). 
iu e-ANGA-positivc, 

Anti-proteinase 3 a u loan ti bodies. 

Biopsy: Necrotizing granulomatous vasculitis. 

Treatment 

Prednisone used during initial therapy. Cytotoxic agents like cyclophosph¬ 
amide are also nsed. 

Prognosis 

Complete and long-term remission can often be achieved with proper 
treatment. 

Chronic Eosinophilic Pneumonia 
Presentation 

Presents over weeks to months, with fever, weight loss, dyspnea, and non pro- 
due live cough. 

Diagnosis 

Chest X-ray; Peripheral pulmonary infiltrates and a pattern suggestive of 
alveolar filling. 

Kosinophiha. 

Pathology: Pulmonary inters!ilium and alveolar spaces infiltrated by 
eosinophils and macrophages. 

Prognosis 

Clinival improvement can be seen within days to weeks after therapy, typi¬ 
cally prednisone, is initiated. 

Treatment 

Administration of corticosteroids. 



FIGURE id-37. CT of a patient with Wegener's granulomatosis. M uU ipk\ kisilnr, ca vi- 
larv lesions arc s ecu. {Reproducer!, with permission, from Kasper DL, Braumvald E t ct ;d tUtr- 
risatt's l l nttcif)len of Internal Medicine, J filh otl. New York: MeCIrawd fill, 















1 

RESPIRATORY 

fflfiilJ i flfm UuilH mwwM i i ni fi <| 


CHAPTER 10 


PULMONARY VASCULAR DISEASES 


The pulmonary vasculature receives the entire cardiac output and is suscep¬ 
tible to a number of disease processes. The two major entities discussed here 
are pulmonary embolism and pulmonary hypertension. 

Pulmonary Embolism 

Pulmonary embolism (PE) is often missed clinically and is seen in > 60% of 
autopsies. It occurs when a blood dot from a systemic vein lodges in one nr 
more branches of the pulmonary artery 1 . Most often, a PE arises from a deep 
vein thrombosis (DVT), but can result from embolization of tumor cells, fa I, 
amniotic fluid, and other materials. Virchow's triad predisposes to thrombus 
formation: hypercoagulability* endothelial damage, and stasis of blood flow. 
Common predisposing factors include immobilization, cancer, multiple frac¬ 
tures, and the use of oral contraceptive pills. 

Decreased perfusion with continued ventilation causes an increase in dead 
space following a PK. This should lead to hypercapnia, but patients often 
hyperventilate and may be surprisingly hypoeapnic, The release of inflamma¬ 
tory mediators can lead to brunchocoiislrictiou, V/Q mismatch* and hypox¬ 
emia. Reduced forward output of the right ventricle can lead to syncope or 
hypotension and shock. 

Presentation 

Tachycardia, tachypnea, dyspnea, hemoptysis, pleuritic chest pain, Syncope 
and hypoxemia may also be seen. 

Diagnosis 

Physical exam: 

Tachycardia and tachypnea 

Localized crackles nr wheezes, however the lung exam is often normal. 
A pleural rub may be present, 

With right ventricular overload, a right-sided S4 and loud P2 may be 
heard, J VD may also be observed. 

Lower extremity tenderness, swelling, and a palpable clot within a ves¬ 
sel suggestive of a DVT may be seen. 

Chest X-ray: Usually nonspecific, including atelectasis and elevation of 
the hcmtdiaphiagm. Dilation of the pulmonary artery, Hamptons hump 
(wedge-shaped consolidation in the lung periphery adjacent to the pleura). 
Wester marks sign (abrupt cut-off of pulmonary' vascularity distal to a PK), 
or a pleural effusion may also be seen. 

GT angiography can show the filling defect due to the thrombus (see f ig¬ 
ure 10-38). 

V/Q scan will show area of ventilation without perfusion. 

Arterial blood gas testing: Decreased Po^, decreased Pco 2 » increased pi I 
and AaDo,. 

Treatment 

Anti coagulation therapy, usually with IV heparin or low-molecular-weight 
heparin followed by oral warfarin, for 3-6 months. Thrombolytic therapy' may 
be useful in a subset of patients with massive PE and hypotension. Placement 
of a filtering device in the I VC can be used in patients who cannot tolerate 
anlicoagulation due to an elevated bleeding risk. 
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FIGURE 1 o - 3 B. CT of a patient with a pulmonary embolism. Missive bilateral pulmo¬ 
nary arterial filling defects (arrows) can be seen. (Reproduced, with permission, from Crawford 
Ml I. Current Diagnosis & Treatment in Cardiulogw 2nd ed t New York: McGmvv-I MU. 2003: 

>70 j 

Prognosis 

Variable, ranging from sudden death to asymptomatic resolution. 

Pulmonary Hypertension 

Klcvalion nf the intravascular pressure within the pulmonary circulation, 
often defined as a mean pulmonary artery pressure >23 mini Ig al rest or > 33 
mini Ig with exertion, idiopathic pulmonary arterial hypertension (PAN) lias 
no known cause and a poor prognosis. 11 occurs in the absence of underlying 
heart or lung disease. Secondary pulmonary hypertension is more common, 
and is related to lung or heart disease, including: 

Chronic thromboembolic disease. 

I .oss of vessels by scarring or destruction of alveolar waits. 

Chronic hypoxemia. 

Increased flow (lefMo-right shunt). 

K leva led left atrial pressure, as in CHK 

Presentation 

Dyspnea and exertional fatigue. Substernal chest pain, similar to angina pec¬ 
toris, is sometimes seen. Occasionally chest pain is more right-sided. If cardiac 
mi (put falls enough, syncope can result. 

Diagnosis 

Physical exam; 

Lung examination often normal unless pulmonary hypertension is due 
to concomitant lung disease. 

Loud P2, right-sided S3 and N4. 

» JVD. 

Right ventricular heave. 

Chest X-ray: Increased prominence and size of hilar pulmonary arteries, 
which rapidly taper off. Knlarged cardiac silhouette (particularly RV and 
RA enlargement). Redistribution of blood flow to the upper lungs (see Fig¬ 
ure 10*39), 

Pulmonary function testing: Spirometry and lung volumes usually normal, 
with a decreased Dlco. 
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FIGURE 10*39, Chest X-ray of a patient with pulmonary hypertension. The pulmoimry 
arteries are dilated with a lack of peripheral vasculature. (Reproduced, with permission, from 
Crawford MH, Current DrcJgmffifa O Treatment jh Grjra/mWv, 2nd ed, New York: McCruw* 
Mill, 2003; *87.) 


Arterial blood gas lasting: Useful in determining whether hypoxemia or 
acidosis plays a role in the diseases etiology. 

Pathology: lntimal hyperplasia and medial hypertrophy of small arteries 
and arterioles, leading to obliteration of" (he lumen. Plexogenic lesions are 
typically scon in idiopathic disease. Thickening of the walls of larger artcr* 
ies is also seen. Right ventricular hypertrophy is also a feature. 

Treatment 

Supplemental () 7 therapy, various vasodilators (he,, sildenafil, cndolhdin 
receptor antagonists, or prostacyclins), inhaled nitric oxide, and anticoagida- 
tion therapy. 

Prognosis 

Right-sided heart failure can occur due to elevated right-sided pressures. 

Idiopathic PAI1: Poor prognosis, often resulting in death within a few years 
of diagnosis if untreated. 

Secondary pulmonary hypertension: Mainstay of therapy is treatment of 
the underlying disease. 



KEY FACT 


Pulmonary edema is an intra- 
alvedar accumulation of fluid. It can 
be caused by increased hydrostatic 
pressure (Le., IV failure), increased 
capillary permeability (i.e., ARDS), or 
several other mechanisms (i.e,, high 
altitude, neurologic injury, or opiate 
overdose). 


LUNG CANCER 


Metastatic disease is more common than primary tumors. Bronchogenic car¬ 
cinoma, I he main type of primary lung I union is the leading cause of can cor¬ 
related death in both men and women, and is closely linked with cigarette 
smoking. Cigarette smoking is clearly related to certain subtypes of lung can¬ 
cer. Quitting reduces subsequent risk of developing lung cancer, hut this risk 
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likely never drops to that of a nonsmokcr. Occupational exposures can pre¬ 
dispose to lung cancer, including: asbestos (mesothelioma and bronchogenic 
carcinoma), arsenic, haloethers, and polycyclic aromatic hydrocarbons. 

Areas of parenchymal scarring can serve as foci for the development of adeno¬ 
carcinoma and, more specifically, broncholoalveolar carcinoma. Most of the 
respiratnn symptoms seen with lung cancer are due to local tissue destruction 
due to tumor growth or ainvav obstruction. 

Presentation 

An endobronchial tumor can present with cough ami hemoptysis. Post- 
obstructive pneumonia and dyspnea develop due to tumor obstructing an air¬ 
way. A pleural effusion and chest pain can result from pleural involvement. 
Anorexia and weight loss is also seen. 

Superior vena cava syndrome: Compression of the vena cava by tumor 
leads to facial swelling, cyanosis, and dilation of llie veins of the head, 
neck, and upper extremities. 

Pancoast tumor at apex of the lung: Can present with Horner's syndrome 
(ptosis, miosis, and anhidrosis) due In involvement of the cervical sympa¬ 
thetic plexus. 

I ioarsencss due to paralysis of the recurrent laryngeal nerve. 

Paraneoplastic endocrine syndromes include: 

ACTH or ACT! [-like activity with small cell carcinoma. 

SiADl 1 with small cell carcinoma. 

FJ’H-like activ ity with squamous cell carcinoma. 

Distant mctastascs to the brain, hone, liver, or adrenals can present with 
organ-specific symptoms. 

Diagnosis 

Chest X-ray: Nodule nr mass within the lung. Centrally located: Squamous 
and small cell. Peripherally located: Adenocarcinoma and large cell. Involve¬ 
ment of the hilar lymph nodes or pleura can also he seen. 

An exception to this is the bronchioloalveolar subtype of adenocarci¬ 
noma, which often lias a more diffuse radiographic appearance, termed 
ground-glass opacity, similar to pneumonia. 

CT or PKT scans used to determine location, lymph node involvement, nr 
metastasis for staging. 

Cytologic examination of sputum or washings from a bronchoscopy, or tis¬ 
sue pathology from a lung biopsy. 

Pulmonary function testing is often used to assess whether a patient has 
the residual capacity to surviv e surgical resection of a tumor. 

" Pathology: 

Non-small cell lung cancer 
Squamous cell carcinoma 

One-third of all bronchogenic carcinomas. 

Characterized by the presence of keratin pearls, 
lends to be localized in the large, proximal airways. 

May cavitate. 

Adenocarcinoma 

Most common type of bronchogenic carcinoma. 

Orien arises in the lung periphery or at sites of scarring. 
Malignant cells may form glands and secrete mucus, 
bronchioloalveolar subtype: Not clearly related to smoking, and 
spreads along and lines alveolar walls. 






F r G U R E 10-40. Photomicrograph of a patient with small cell carcinoma. The cells 
small, with little cytoplasm nr oilier defining characteristics. (Courtesy "f the Uiufbunccl Ser¬ 
vices University of the Health Sciences) 


Large cell carcinoma 

1 5% ; -20% of bronchogenic carcinomas, 
l JndifTerenhated tumor. 

« Arises in the lung periphery. 

Small cell lung cancer 

20% of all bronchogenic carcinomas. 

Malignant cells appear as small, darkly stained cells with scant cyto¬ 
plasm (see Figure I (MO)* 

Generally arises in the proximal airw ay s* 

Commonly produces polypeptide hormones such as ACT! I and 
ADH, 


Treatment 

Small cell carcinoma; Melasla.se,s occur very early in the disease course, 
so surgery is not an option, only chemotherapy' and/or radiation. 
Non-small cell carcinoma: Surgical resection if there is no distant spread. 
If metastascs are present, then chemotherapy and/or radiation. 

Prognosis 

Overall 5-year survival is about 14%. Squamous cell carcinoma has the best 
prognosis, while small cell carcinoma has the worst, Farly-stagc disease* while 
rarely found* has a much better prognosis than kite-stage disease. 


PULMONARY INFECTIONS 


Pneumonia 

Infection of lung parenchyma is a major cause of morbidity and mortality, 
accounting for nearly 1(1% of all hospital admissions and for approximately 
80,000 deaths in the t Initcd States each year* 

Infectious causes include bacterial, viral, mycoplasmal, and mycobacterial 
pathogens, the most common being Streptococcus pneumoniae (see (able 
10-10), Risk factors include viral URL alcohol abuse, cigarette smoking, 
and CORD. Infection can spread to the lungs by inhalation, aspiration, and 
hematogenous spread from other sites. Inflammation and infection of the dis- 
lal air spaces leads to a reduction in ventilation to those areas. If perfusion is 
maintained* then Y7Q mismatch results, with or without shunting. 
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TABLE 10-10. 

Common Causes of Pneumonia 



Organism 

Characteristics 

Complications 

Treatment 

S/rep fococcus 
pneumoniae 

Cram-positive diplococci; community-acquired; 
most common in elderly or debilitated persons; 

lobar pneumonia. 

Empyema. 

Penicillins, cephalosporins, 
macrolides, some 
quinolones. 

Staphylococcus 

aureus 

Gram-positive cocci in dusters; often a 
complication of influenza, viral pneumonias, or 
blood-bome infection in IV drug users; seen in 
hospitalized patients, the elderly, and those with 
chronic lung disease; bronchopneumonia. 

Abscess formation or 

empyema not uncommon; 

bacterial endocarditis and 

brain and kidney abscesses 
possible from hematogenous 
spread. 

Oxacillin, nafcillin, 
vancomycin (MR5A), 

linezolid. 

Haemophilus 

influenzae 

Gram-positive coccobadJIus; usually seen in infants 
and children, but may occur in adults with COPD; 

bronchopneumonia. 

Meningitis and epiglottitis in 
infants and children. 

Second- or third- 

generation cephalosporins, 
trimethoprim- 

sulfamethoxazole. 

Klebsiella 

pneumoniae 

Gram-positive rod; most frequent in diabetic or 
alcoholic patients; high mortality rate in the elderly; 

currant-jelly sputum; bronchopneumonia. 

Large amount of damage to 
the alveolar walls leading 

to necrosis and abscess 

formation. 

Aminoglycosides, third- 
generation cephalosporins. 

Pseudomonos 

aeruginosa 

Gram-positive rod; appears blue-green 
when cultured; common cause of 
nosocomial pneumonia and pneumonia in 
immunocompromised and CF patients. 

Focal hemorrhage and 

necrosis. 

Combination therapy using 
ticarcillin, piperacillin, 
ciprofloxacin, cefepime, or 
gentamicin. 

Legionella 

pneumophila 

Gram-positive bacillus, but stains poorly; 
infection spreads by inhalation of aerosol 
from contaminated water; affects both healthy 
and debilitated adults; often lobar, but no 
characteristic pattern. 

Relatively high mortality rate 
if untreated 

Macrolide, quinolone. 

Anaerobes 

Due to aspiration of secretions from the 
oropharynx into the tracheobronchial tree; 
patients with impaired consciousness or difficulty 
swallowing are at highest risk; often located in 
dependent segments of lung. 

Abscess or empyema 

formation is common. 

Penicillin, clindamycin. 

Mycoplasma 

Frequent cause of interstitial pneumonia in 

young adults; insidious onset with mild, limited 
course; associated with nonspecific cold 
agglutinins. 


Macrolide, quinoiane. 
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Organism 

Characteristics 
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Complications Treatment 

Viral pneumonia 

Most common pneumonia of childhood. Caused 
by influenza viruses, adenoviruses, rhino virus, and 
R5V; measles virus produces giant celt pneumonia. 


Influenza A; Amantadine 

and rimantadine. 

Influenza A and B: 

Zanamivirand oseltamivir. 

Coxtdlo burnetii 

Rickettsial organism; infects people working with 
cattle or sheep, or those who drink unpasteurised 
milk from infected animals; interstitial pneumonia. 

Can cause hepatitis or 
myocarditis. 

Doxycycline. 

Pneumocystis 
proved (formerly 
Pneumocystis 
cadnif) 

Usually classified as a protozoan; identified on 
silver stam; is the most common opportunistic 
infection in AIDS patients; ground-glass opacities 

on CT. 


Trim etho prim- 
sulfamethoxazole. 


Presentation 

Fever (+/- chills), cough (+/- sputum production), and dyspnea. A non¬ 
productive cough suggests viral or mycoplasmal pneumonia. Blood-tinged 
or rust) r sputum suggests bacterial pneumonia' Pleuritic chest pain due to 
inflammation adjacent to the pleura. 

Diagnosis 

Physical exam: 

Tachycardia, tachypnea, and fever. 

Crackles over the affected area on auscultation. 

Bronchial breath sounds, increased fremitus, and egophonv. 

Dullness to percussion if there is Frank consolidation or associated 
effusion. 

Laboratory tests: Leukocytosis with left shift (increased FMN fraction of 
WBCs) and increased bands (immature WBCs) in bacterial pneumonia. 
Chest X-ray: Allows classification of the distribution of the infection into 
lobar, patchy* or interstitial pattern. Pleural effusions may accompany a 
bacterial pneumonia. 

Lobar pneumonia: Infection tends to spread through the entire lobe, 
with mtra-aiveolar exudates. Streptococcus pneumoniae is the classic 
pathogen (see Figure 10-41). 

Bronchopneumonia: Patchy distribution involving more than one lube* 
with distal airway inflammation and alveolar disease. Caused by a wide 
variety of organisms. 

Interstitial (atypical) pneumonia: Diffuse* patchy inflammation of the 
interstitial walls (see Figure 10-42), 

Sputum Gram's stain and culture. Mycoplasma, Chlamydia, and Legion* 
ellti require additional serology and antigen testing. 

Nasal swab 

Arterial blood gas testing: lied need Pan- with normal or reduced Paco*, 
due to hyperventilation. 

Treatment 

Antibiotic therapy is the mainstay for bacterial pneumonia (see Tilde 111-9), 
Supportive care for most viral pneumonias. Antivirals available for influenza 
infection. 
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FIGURE io*4| h Lobar pneumonia. {Ijust X-ray of a H-y ear-old patient with lobar pneu¬ 
monia. Air bron cliograi ns can be seen within the area of consolidation. (Image courtesy of 
PF.IR Digital l ibrary pittp://peir.iictj.} 


Prognosis 

In moil cases, complete recovers without long-term sequelae. Complications 
include: 

filing abscess: Pus collection, often caused bv bacterial pneumonia, bron¬ 
chial obstruction, or aspiration. Often due to Staphylococcus, Pseudomo¬ 
nas, Klebsiella, Proteus, or anaerobic organisms. Requires antibiotics and 
drainage. 

iMiipycma: Pus in the pleural space. Often caused by anaerobes and staph¬ 
ylococci. Requires drainage. 





figure 10-42, Interstitial pneumonia. Chest X-ray nf a patient with mycoplasmal 
pneumonia. Diffuse interstitial anti alveolar infiltrates can be seen. (Reproduced, will) permis¬ 
sion, from J tall )11 P Schmidt GA, Wood 11)11, Principles of Critical Care, >rd ed. New Vork; 
McGraw-Hill 2m>S:S26.j 
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Tuberculosis 

Approximately one-third of the world's population has been infected with TB. 
and there are 2-3 million deaths due to TB each year. Burden of disease is 
greatest in developing countries. Caused In A lycobaclerium tuberculosis, an 
aerobic, rod-shaped, acid-fast bacterium (termed "red snappers"), which is 
transmitted by airborne droplets from infected patients. 'There are two forms 
ofTB, primary and secondary. 

Primary TB: At initial infection, GhoiTs complexes develop (peripheral 
subpleural parenchymal lesion and involved hilar lymph nodes). Cascah 
iiig granuloma with nmltinucleated giant cells due to delayed hypersensi¬ 
tivity reaction. 

* 

Secondary (reactivation) TB: Results from reactivation of a prior site 
of infection. Lesions localized to the lung apices with hilar lymph node 
involvement. Granulomatous lesions form and rupture, resulting in cavi¬ 
tary lesions. Scarring and calcification may he seen. 

Presentation 

Pulmonary symptoms include productive cough and hemoptysis. Respira¬ 
tory function is generally well preserved, perhaps because of localization of 
the destructive disease to the apices. Systemic symptoms include weight loss, 
fever, and night sweats. 

DlACNOStS 

Physical exam; 

Weight loss and Wasting. 

Crackles over the affected area on auscultation. 

Tuberculin skin lest (PPD): Acts through a type IV hypersensitivity reac¬ 
tion. A small amount of protein from the organism is injected under the 
skin. Induration or swelling at the silc after 4S-72 hours indicates prior 
exposure to 'TIL This does not differentiate between active and prior 
infections. 



figure 10*43. Tuberculosis. C *ta\d X-ray c rf ;i pit lent with reactivation TB, Jitlar lymph- 
adenopathy* and a cavitary lesion in the right upper lobe. (Reproduced, with permission, from 
Doherty CM. Wav 1AV, Current Surgical Diagnosis o Treatment, 12th ed, New York: McGraw- 
Hill, 2006: 371.) 



CUNICAL' 

CORRELATION 


The major side effects of isoniazid 
are hepatcstoxicity, peripheral 
neuropathy, and CN5 effects, The 
latter two ore due to depletion of 
pyrsdoxine (vitamin B fi ), Therefore, 
patients are given pyridoxine 
supplementation during isoniazid 
therapy. 


Chest X-Tay: 

Primary TB: Nonspecific, often lower lobe infiltrate, hilar lymph node 
enlargement, and pleural effusion. 

Secondary TB: Lesions located in I lie apices or superior segment of 
a lower lobe. Infiltrates, cavities, nodules, scarring, and/or contraction 
may be seen (sec Figure 10-4?). 

Culture of the organism from sputum is needed for a definitive diagnosis. 
Acid-fast staining is useful for quicker results. 

Treatment 

Six months of treatment with isoniazid. pyridoxine (vitamin B f) ), and rifampin, 
supplemented during the first 2 months by pyTaz in amide and ethambutol. isn- 
niazid and pyridoxine alone for 9 months in individuals with a positive skin 
test but no active disease (latent TB). 


Prognosis 

Most patients with primary TB arc asymptomatic. Lifetime risk of reactiva¬ 
tion is about 10% in immunocompetent patients. 'Phis is elevated in patients 
with AIDS or oilier immunosuppressive states. Reactivation TB can be enm- 


TABLE 10-It, Fungal Infections of the Lungs 


Organism 

Presentation 

Characteristics 

Treatment 

Candida o/6icons 

Fever, tachypnea, patchy infiltrates on 
chest X-ray. 

Uncommon cause of pneumonia; hematogenous 
spread seen in immunocompromised patients. 

Amphotericin B 

and fluconazole. 

Cryptococcus 

neoformam 

Often asymptomatic but can have 
productive cough, fever, weight loss. 

Can a iso produce crypto coccal meningitis; 
organism's encapsulated appearance can be seen 
with India ink stain. 

Amphotericin B 
plus flucytosine. 

Aspergillus 

Wheezing, dyspnea, and cough 
with allergic bronchopulmonary 
aspergillosis; fever* cough, dyspnea, 
pleuritic chest pain, and hemoptysis 
seen in invasive forms, usually in 
immunocompromised patients. 

Fungat halls (aspergillomas) can form in pre¬ 
existing cavities; the invasive form of aspergillosis 
has a tendency to grow into vessels with 
widespread hematogenous dissemination; seen as 
branching hyphae in tissue. 

Amphotericin B 

or itraconazole. 

Blastomyces 

dermatitidis 

Fever, chills, productive cough. 

Found in the midwestern and southeastern United 
States.; broad-based budding yeast. 

Amphotericin B 
or itraconazole. 

Histopiosma 

capsulatum 

Often asymptomatic; the young or 
immunocompromised may have 
disseminated or chronic disease with 
fever, fatigue, and weight loss. 

Found in the river valleys of the central United 

States, and in soil contaminated by bird droppings; 
elicits caseating granuloma formation in tissue; 
the disseminated form is marked by multi-system 
involvement with infiltrates of macrophages filled 
with fungus; round or oval yeast forms in tissue. 

Amphotericin B 
+/- itraconazole. 

Coccidioides 

immitis 

ituum UmO i r in HUM i t bit un*m m 11 fli 

Fever, cough, headache, chest pain; 
disseminated or chronic disease 
produces systemic symptoms. 

Found in the southwestern United States, 

Mexico, and South America; may have acute, 
disseminated, or chronic course. Fungal spherules 
containing endospores are found within 
granulomas. 

Knmi li iiitwiifttMflHgnitwqwti MiimiiMiiiaBiifniiiiTnmmwrti iiiitUHn irniw 

Amphotericin B; 
surgery may also 
have a role. 




































































plicated by miliary TB, in which distal organs are seeded with innumerable 
small lesions* Extrapulmonary TB includes: tuberculous meningitis, Potts’ dis¬ 
ease of the spine, psoas abscess, and paravertebral abscess. 

Fungal Infections 

A variety of fungal pathogens can cause pulmonary infection (see Table 

10 - 1 ]). 



Albuterol, Isoproterenol, Terbutaline 
Mechanism 

Inhibits mast cell and monocyte release of TNF-CC Site of action is smooth 
muscle as ^-adrenoceptor agonists. 

Uses 

Acute asthma by relaxing bronchial smooth muscle via |i2 agonism. Short- 
acting bronchodilators are used for acute asthma exacerbations. Albuterol 
(most commonly used in acute exacerbations), terbutaline (for status asthmat- 
icus), isoproterenol (nonspecific, relaxes bronchia) smooth muscle). 

Side Effects 

I Ivperfcnsron, angina, vomiting, vertigo. CNS stimulation, unusual taste, and 
drying or irritation of the oropharynx. 

Salmeterol 

Mechanism 

Activates p^-selectivc receptors fur asthma prophylaxis, Salmeterol relaxes and 
opens air pas,sages in (he lungs. 

Uses 

Long-acting prophylaxis against asthma and COPIT 

Side Effects 

Coughing, tremor, arrhythmia, chest pain, headache, and hives. 

Theophylline, Theobromine, Caffeine 
Mechanism 

Inhibits phosphodiesterase isoenzymes, decreases eAMP hydrolysis, increases 
cAMP t and causes broncliodllation. Site of action is smooth muscle* 

Uses 

Bronchodilator used to relieve airflow obstruction in acute asthma and to 
reduce the severity of symptoms. 

Side Effects 

Cardiotoxicity and neurotoxicity. 
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Ipratropium 

Mechanism 

Competitively blocks muscarinic acetylcholine M : receptors, increases acetyl¬ 
choline release, preventing bronehoconstrietinn. 

Uses 

Asthma, chronic obstructive airway disease, bronchial constriction. 

Side Effects 

Dry mouth due to effects on salivary glands, drying of bronchial secretions 
with difficulty with expectoration, glaucoma, and acute urinary retention. 

Cromolyn, Nedocromil 
Mechanism 

Prevents release of mediators from mast cells and alters function ol delayed 
chloride channels in the cell membrane, inhibiting cellular activation (see 
Figure 10-44 and Table 10-12). 

Uses 

Antigen* and exercise-induced asthma. Cromolyn and nedocromil arc effec¬ 
tive only for prophylaxis of asthma, but arc not effective during an acute 
asthma attack. 


Exposure to antigen 
(dust, pollen, etc.) 


Avoidance 


Antigen and IgE 
on mast cells 

“ Cromolyn 
—!_J Steroids 



Mediators 

(leukotrmnes, histamine, etc,) 



Late response: Early response: 

in fl a m mation bron choconstncti on 


t 

Bronchial 

hyperreactivity 


Symptoms 


Treatment strategies in asthma 


FIGURE r a - 4 4, Site of action for cromolyn, corticosteroids, and antileukotrienes, (Modified, with permission, from kutzmu; BC, 
Trevor A), Pharmacology; Examination and Board Review, 5tli ed t Stamford, CT: Appleton d p Lange, 1998: 159 and 161. Copyright ' ' 
McGraw-Hill.) 
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TABLE 10-12. Common Pharmatherapeuties in the Treatment of Asthma 


i iiTfNTizrxiiiirTi 

Drug Class 

Specific Drug 

Nonspecific 

(1-agonists 

(soproterenol-retaxes bronchial smooth muscle (p 2 ). Adverse effect is tachycardia (p t ). 

[lj agonists 

Albuterol-relaxes bronchial smooth muscle (p 2 ). Use during acute exacerbation. 

Salmeterol-long-acting agent for prophylaxis. Adverse effects are tremor and arrhythmia. 

Methylxanthines 

Theophylline—likely causes bronchodilatlon by inhibiting phosphodiesterase, thereby i cAMP hydrolysis. Usage is 
limited because of narrow therapeutic index (eardfotoxirity, neurotoxicity). 

Muscarinic 

antagonists 

Ipratropium-competitive block of muscarinic receptors, preventing broncho constriction. 

Cromolyn 

Prevents release of mediators from mast cells. Effective only for the prophylaxis of asthma. Not effective during an 
acute asthmatic attack. Toxicity is rare. 

Corticosteroids 

Bedomelhasone, prednisone-inhibit the synthesis of virtually all cytokines. Inactivate NF-kU, the transcription 
factor that induces the production of TNF-c*, among other inflammatory agents. IsMine therapy far chronic asthma. 

Antileukotrienes 

Zi leuton—A 5-lipoxygenase pathway inhibitor. Blocks conversion of arachidonic acid to leukotrienes. 

Zafirlukast, montelukast-block leukotriene receptors. Especially good for aspirin-induced asthma. 

•mimmMMinrJuiiiHgmmnmMMFtTjmJiMrMIHITilUMmtlliMUl i ■ rm 1 1JlilfrXtfllllfrnif 41 ITinirMJ*NtHttujjim*MJitl 11 him i mil i jti i llELnm n l n fit* 


Side Effects 

lbxidly is mrc because croinolvu is so poorly absorbed. Some adverse reac¬ 
tions include throat irritation, cough, mouth dryness, chest tightness, and 
wheezing. 

fVtontelukast, Zafrrlukast 

Mechanism 

blocks cyslciiiyl-lcukotricnc (IT) receptor. Id n, r rcccj>tor antagonist. 

Uses 

Effective in blocking airway responses and relaxing airways. 

Side Effects 

Unusual weakness, headaches, nausea, GI disturbances, liver toxicity. A rare 
side effect is pus in the urine. 

Zileuton 

Mechanism 

Blocks 5-lij>oxygenase which converts amctiidonic acid to leukotrienes. 

Uses 

Blocked airway responses to exercise and to antigen challenge in mild- 
to-moderate asthma. 

Side Effects 

Elevated liver function tests, headache, upset stomach, heartburn, vomiting, 
and constipation. 
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Prednisone (Oral), Bedomethasone (Inhaled) 

Mechanism 

Decreasefi Formation of cytokines, inactivates nuclear factor-KB, the transcrip¬ 
tion factor that induces the production of TNF'-a inhibits generation of vaso¬ 
dilators, decreases microvasculnr permeability, and reduces mediator release 
from eosinophils. 

Uses 

Chronic asthma. 

Side Effects 

Vision problems, eye pain, sore throat, seizures, depression, loss of contact 
with reality, confusion, muscle twitching, shaking, difficulty falling asleep or 
staying asleep, increasing the rate of osteoporosis, and bulging eyes. 


DRUGS FOR ALLERGY 


First-Generation Histamine Blockers: Diphenhydramine, Dimenhydrinate, 

Chlorpheniramine 

Mechanism 

Reversibly inhibits Hj histamine receptors, 

Uses 

Allergic reactions (such as rhinitis and urticaria), motion sickness, and sleep aid. 

Side Effects 

Low blood pressure, palpitations, increased hear! rale, sedation, tiredness, 
sleepiness, dizziness, disturbed coordination, anliinihscarinic, anli-fl adrenergic. 

Second-Generation Histamine Blockers: loratadine, Fexofenadine, 

Desloratadine 

Mechanism 

Reversibly inhibits I l ] histamine receptors. 

Uses 

Antihistamine that provides relief of seasonal allerg)- symptoms such as watery 
eyes, rhinitis, itching eyes, and sneezing. 

Side Effects 

Headache, fatigue, dry month, thirst, dry nose, nervousness, rapid heartbeat, 
diarrhea. 

Codeine 

Mechanism 

Activates the (Jl-opioid receptor. Codeine is an alkaloid derived from opium. 

Uses 

Analgesic to relieve initchlo-inoderate pain. 

Side Effects 

UgUtheadedness, dizziness, sedation, nausea, and vomiting. 
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Dextromethorphan 

Mechanism 

Acts as uii agonist at opioid receptors to modulate synaptic transmission. 

Uses 

Cough suppression. 

Side Effects 

Addiction* respirator) depression, constipation, miosis, additive CNS depres¬ 
sion with other drugs. 
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Key Terms 


Acinus The structure distal to the terminal bronchioles, includes the respiratory bronchiole, alveolar ducts, and alveoli. 

Atelectasis 

Collapse of lung spaces secondary to inadequate expansion. 

Bullae 

Multiple, contiguous, enlarged airspaces that range in diameter from < 0.5 mm to > 2.0 cm, sometimes 
forming cyst-like structures that with progressive enlargement are referred to as bullae. 

Dyspnea 

Shortness of breath or labored, difficult breathing. 

Elastase/ 

metalloproteinase 

Produced by macrophages and neutrophils during inflammation: cause tissue damage. 

Exudate 

A fluid collection outside the vasculature with an abundance of protein and cellular dements. When within the 
lung, a fluid :serum LOH ratio of > 0.6, and protein ratio of > 0.5. 

Hemoptysis 

Coughing up blood. 

Hypercapnia 

Increased C0 2 in the blood 

Hypoxemia 

Decreased 0 2 in the blood. 

Paraneoplastic 

syndrome 

A collection of signs and symptoms secondary to the release of substance from a tumor, or the body's reaction 
to the presence of a tumor. 

Perfusion 

The flow of blood to an organ or tissue. 

Pneumonia 

Generic term for infection of the lung. 

Refd index 

The magnitude of the increase in size of the mucus-secreting glands is assessed by the ratio of the thickness of 
the submucosal gland layer to that of the bronchial wall. 

TTansudate 

A fluid collection outside the vasculature with an absence of protein and cellular elements. When within the 
lung, fluid :serum LDH ratio of < 0.6 and protein ratio of < 0.5, 

Ventilation 

The exchange of air between the lungs and the atmosphere. 
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ATELECTASIS 


Alveolar collapse. Is usually reversible and should be treated quickly to pre¬ 
vent hypoxemia and infection of the collapsed lung. 

Ventilation-perfusion imbalance: Shunting of inadequately oxygenated 
blood Ironi pulmonary arteries into veins, causing a vcntilalion-pcrfusjon 
imbalance anti hypoxia. 

Resorption Atelectasis 

Obstruction prevents air from reaching distal airways. 'The air already present 
gradually becomes absorbed and alveolar collapse follows. 

Compression Atelectasis 

Associated with accumulation of fluid, blood, or air within the pleural cavity, 
which mechanically collapses the adjacent lung- A frequent cause of pleural 
effusions is congestive heart failure. Pneumothorax also causes compression 
of the lung. 

IVlicroatelectasis 

Generalized loss of lung expansion caused by a complex series of events, the 
most important of which is loss of surfactant. 

Contraction Atelectasis 

Occurs when local or generalized fibroHe changes in the lung or pleura 
inhibit expansion and increase elastic recoil during inspiration. 


OBSTRUCTIVE LUNG DISEASE 


Characterized by limitation of airflow resulting from partial or complete 
obstruction at any level. Major disorders include asthma, emphysema, chronic 
bronchitis, bronchiectasis, cystic fibrosis, and bronchiolitis. The hallmark of 
obstructive disease is a decreased expiratory flow rate. The FF.VpFVC ratio is 
decreased. 

Forced vital capacity (FVC): Volume that can be forcibly expired after a 
maximal inspiration. 

Forced expiratory volume in 1 second (KEV ( ). Volume that can be 
expired in the first second following a maximal inspiration. Normally 80% 
of the FVC. 

Asthma (Reactive Airway Disease) 

Characterized by episodic, reversible bronchospasms due to ail exaggerated 
bronchoconstricior response to various stimuli (primarily persistent bronchial 
inflammation). Typified by an eosinophilic infiltrate. Occlusion of bronchi/ 
bronchioles can occur in asthmatics by formation of mucus plugs containing 
shed epithelial cells in a swirl pattern (Curschinann's spiral). \Incus plugs 
may also contain collections of crystalloids made up of eosinophil proteins 
(CIiarcot-Leyden crystals). 

Extrinsic asthma: Episode triggered by a type l hypersensitivity reaction 
(CD4 T cells release cytokines that cause IgE formation, increased mast 
cell formation, and activation of eosinophils) induced by exposure to an 
extrinsic agent. 

Atopic asthma: IgE-mcdiated hypersensitivity. May also sec skin atopy. 
Typically develops in (lie first few years of life. 
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Intrinsic asthma: External factors trigger bronehospasrn {aspirin, pulmo¬ 
nary infections, cold, psychological stress, exercise, and inhaled irritants). 
Serum IgE is normal. Develops later in life, 

Status asthrnaticus: Prolonged, severe asthma attack in which bronchns- 
pasm does not respond to traditional treatments. 

Chronic Obstructive Pulmonary Disease 

Irreversible airflow obstruction (versus asthma, in which airflow obstruction 
is reversible). This term includes two common conditions: emphysema and 
chronic bronchitis. With severe COPD, the patient develops hypercapnia, 
hypoxia, and possibly cyanosis. The patient will ultimately develop pulmonary 
hypertension and cardiac failure. 

Emphysema 

Permanent enlargement of the airspaces beyond the terminal bronchioles 
accompanied by destruction of their walls. There are two categories of presen¬ 
tation. "Pink puffers” arc barrel-chested, dyspneic, and have prolonged expi¬ 
ration. They have adequate oxygenation of hemoglobin. “Blue bloaters” have 
a history of chronic bronchitis and decreased respiratory drive (CQj reten¬ 
tion); they become hypoxic and are cyanotic. Causes include decreased pro¬ 
tease activity, a ; -antitrypsin deficiency {emphysema without smoking history), 
nr oxidant-antioxidant imbalance, 

Centriaeinar emphysema: Pattern of involvement is the centra! or proxi¬ 
mal part of the acinus. Seen most often in people who smoke cigarettes. 
Affects upper lobes more severely. 

Pnnacinar (panlobular) emphysema: Acini are uniformly enlarged from 
the level of the respiratory bronchiole Seen most often in people with 
oq-antitrypsin deficiency. Affects lower lobes more severely. 

Distal acinar (parascptal) emphysema: Involves the distal pari of the aci¬ 
nus. More severe in the upper half of the lungs. Possible cause for sponta¬ 
neous pneumothorax in younger patients. 

Compensatory emphysema: Compensatory dilation of alveoli in response 
to loss of lung substance {loss of lung parenchyma after surgical removal). 

Chronic Bronchitis 

Persistent cough for at least three consecutive months in at least 2 consecutive 
years. Lacks eosinophils. 

Mucus hypersecretion: I feature of chronic bronchitis that begins in large 
airways. Irritants induce hypersecretion of mucous glands and cause hyper¬ 
trophy of the glands. 

Squamous metaplasia: Develops in chronic bronchitis, followed by dys- 
plastic changes in the lining epithelial cells (may lead to bronchogenic 
carcinoma). 

Bronchiectasis 

Permanent dilation of bronchi and bronchioles due to destruction of muscle 
and supporting tissues associated with chronic necrotizing infections. Obstruc¬ 
tion and chronic infection contribute to the development of bronchiectasis. 

Kart a gene r's syndrome: Autosomal recessive disorder predisposing to 
bronchiectasis. There is a structural abnormality of the cilia impairing the 
mucociliary ladder. Associated with sterility in males. 

Cystic fibrosis: Widespread, severe bronchiectasis from obstruction and 
infection caused bv the secretion of abnormallv viscid mucus. 




RESTRICTIVE LUNG DISEASE 


Reduced expansion of lung parenchyma accompanied by decreased total lung 
capacity. KVC is reduced and the expiratory flow rate is normal or reduced 
proportionately. T he FEVpFVO ratio is normal. Divided into two categories: 
extra pulmonary (due to obesity or Guillain-liarrc syndrome) and interstitial 
lung disease. 

Interstitial Lung Disease 

Acute Lung Injury (All)/ Acute Respiratory Distress Syndrome (ARDS) 

Microvascular endothelium and alveolar epithelium are damaged, leading to 
an inflammatory response dominated by neutrophils. Clinically causes a con¬ 
tinuum of respiratory failure: acute-onset dyspnea, hypoxemia, bilateral pul¬ 
monary in flit rates, and finally to left-sided heart failure. 

Honeycomb lung: Pattern of diffuse interstitial fibrosis and dilated air¬ 
spaces following the body's healing process after ARDS. 

Idiopathic Pulmonary Fibrosis 

Diffuse interstitial fibrosis of unknown etiology (possibly an immune response). 
Results in severe hypoxemia and cyanosis. Known causes (e.g,, asbestos) must 
be rilled out. 

Sarcoidosis 

Multisystemic disease of unknown etiology characterized by noncaseatmg 
granulomas, predominately in the lung interstitium (has a lymphangitic distri¬ 
bution). Also typified by bilateral hilar adenopathy. Noncaseating granulomas 
arc also seen outside the lungs. 

Schaumann’s bodies: [ .animated concretions composed of calcium and 
proteins found inside granulomas of sarcoidosis. 

Asteroid body: Stellate inclusions within giant cells found within the gran¬ 
ulomas of sarcoidosis that characterize sarcoidosis. 

Erythema nodosum: Raised, red, tender nodules on the anterior aspects of 
the iegs. 

Lupus pernio: Indurated plaques associated with violaceous discoloration 
in the region of I lie nose, checks, and lips. 

Hypersensitivity Pneumonitis 

An innmmalogically mediated response to an extrinsic antigen that involves 
type 111 and type fV hypersensitivity- reactions affecting the alveoli. 

Goodpasture's Syndrome 

An uncommon disorder characterized by hemoptysis and glomerulonephritis 
secondary to anti-basement membrane antibody. 

Wegener's Granulomatosis 

Necrotizing vasculitis and parenchymal necrot izing granulomatous inflamma¬ 
tion causing a clinical syndrome of hemoptysis, chronic sinus infections, and 
hematuria. 

Caplan's Syndrome 

An accelerated pneumoconiosis seen in patients with rheumatoid arthritis 
who arc exposed to coal, silica, or asbestos. 





VASCULAR LUNG DISEASE 


Pulmonary Thromboembolism 

Embolization of venous thrombi to the lungs. Most emboli arise from a deep 
venous thrombosis (commonly popliteal and more proximal veins). 

Saddle embolus: Large embolus that lodges across the bifurcation ol the 
major vessels in the lung. 

Pulmonary Hypertension 

Increase in BP within the pulmonary vasculature. Primary pulmonary 
hypertension is caused by chronic vasoconstriction resulting from vascular 
hyperreactivity. 


PNEUMONIA 


Acute bacterial pneumonia presenting as one of two patterns: broncho-pneu¬ 
monia and lobar pneumonia (hospital acquired, community acquired, and 
aspiration). Pathologically progresses through four stages: congestion (vascu¬ 
lar congestion with fluid, neutrophils, and bacteria in the alveoli I, red hepa¬ 
tization (alveoli arc filled with neutrophils, red cells, and fibrin), gray hepa¬ 
tization (red cells are lysed and fibrinous exudates persist), and resolution 
(exudates within the alveoli arc enzymatically digested and either resorbed or 
expectorated). 

Bronchopneumonia 

The distribution of inflammalinn that generally involves more than one lobe, 
and re.su) Is from an inilia] infection of the bronchi and brand doles with 
extension into the adjacent alveoli. 

Lobar Pneumonia 

The contiguous airspaces of part or all of a lobe arc homogenously filled 
with exudates that can be visualized on radiographs as a lobar or segmental 
consolidation, 

Community-Acquired Pneumonia 

These are bacterial in origin and (lie infection usually follows a viral upper 
respiratory tract infection. The onset is usually abrupt, with high fever, shak¬ 
ing chills, pleuritic chest pain, and a productive mucopurulent cough. The 
lower lobe of the right lung is most commonly involved. The most common 
type of bacteria implicated in coinumnily-acquircd pneumonia is Streptococ¬ 
cus pneumoniae. Numerous other bacteria can cause pneumonia. See 'fable 
10-1 3, 


Atypical Pneumonia 

Sputum production is modest with no physical findings of consolidation, the 
white cell count is moderately elevated, and bacteria and influenza A viruses 
cannot be isolated. Mycoplasma pneumoniae and Chlamydia pneumoniae 
arc frequent causes. 

Nosocomial Pneumonia 

Acquired in the course of a hospital slay. Enterobacteriaccae arc the most 
common isolates in nosocomial pneumonias. 
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TABLE jo* 1S. Other Important Bacterial Causes of Pneumonia 
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Bacteria 

Characteristics 

Haemophilus influenzae 

Community acquired. COPD exacerbations. 

Moraxelia catarrhalis 

Community acquired. Also a common pathogen in otrtis 

media in children. 

Staphylococcus aureus 

Frequently causes lung abscesses. 

Klebsiella pneumoniae 

Most frequent cause of gram-negative bacterial pneumonia. 
Afflicts debilitated and malnourished persons, particularly 
chronic alcoholics. 

Pseudomonas aeruginosa 

Common in patients afflicted with cystic fibrosis. 

Legionella pneumophila 

Associated with contaminated water sources (air 


conditioning units and vents). 


Aspiration Pneumonia 

Occurs in those who aspirate t'itsirk- contents while unconscious or during 
repealed vomiting. The pneumonia is due in part to chemical irritation and is 
partly bacterial. Complications include abscess formation. 


TUBERCULOSIS 


A communicable chronic granuIonminus disease that involves the lungs, pri¬ 
marily caused by Vfyco&dcterfmn tuherculom (an acid-fast bacteria that readily 
bind the ZiehhNectsen stain}* Primary tuberculosis develops in a previously 
unexposed person. 

Chons focus: Areas of gray-white inflammatory consolidation emerge typ¬ 
ically in the upper lobes. 

Chon's complex: Parenchyma! lesion and nodal involvement. 

Rankes complex; A Chon complex that undergoes progressive fibrosis. 
Radiological I v detectable calcification. 

Tuberculin test: Infection causes a delayed hypersensitivity reaction. Puri¬ 
fied protein derivative (PPD) injected .subcutaneously induces a palpable 
induration after 48-72 hours. Fabc-negatives may occur with viral infec¬ 
tions. sarcoidosis, or malnutrition. 

Miliary Tuberculosis 

Organisms drain from I lie lung via lymphatics to other parts of the lung, and 
then system imliy. 

Pott's disease: Miliary spread of tuberculosis to the vertebrae. 

Secondary (Reactivation) Tuberculosis 

The pattern of disease arising in a previously sensitized host from reactivation 
of a dormant pulmonary lesion. Classically located in the apex of the lungs. 





































TABLE ! □ * 1 4 . Fungal Infection of the Lung 


iuiumiii u ttutMfmnimiiii i mi mnenjin 

Fungus 

Characteristics 

Cryptococcus 

neohrmans 

Cryptococcosis. Opportunistic infection seen in 
immunocompromised persons. The capsule is critical to 
diagnosis. Replicates through budding. 

Aspergillus spp. 

Opportunistic mold. Hyphae and septa branch at acute 
angles. In aspergill oma (fungus bait), the fungus may colonize 
preexisting pulmonary cavities. 

Pneumocystis jimved 
(formerly carinit) 

mi rnii nui ■!.« k.Liiii rj mi iiti 11M mi imj iuii i 

Opportunistic. Common infection m AIDS patients. 


FlINCAL INFECTIONS 

Several fungal infections c;in affect the lungs. Table 10-H summarizes the 

more common types. 


LUNG TUMORS 


A presentation of hemoptysis and constitutional symptoms in a patient with 
risk factors (e.g M smoking history or asbestos exposure) should raise concerns 
for lung cancer. Chest X-ray may show a king nodule. There are several types 
of lung cancer. Bronchogenic carcinoma arises from bronchial epithelium 
and accounts for 45% of lung tumors. Divided into small cell carcinoma and 
non-sn talked) carcinoma {adenocarcinoma, squamous cell carcinoma, or 
large cell undifferentiated carcinoma). 

Virchow's node: Supraclavicular node signaling an occult primary tumor. 
Vena cava syndrome: Tumor compresses the superior vena cava, causing 
venous congestion or the full blown vena cava syndrome. 

Pancoast's turnon Apical neoplasm that invades the brachial or cervi¬ 
cal sympathetic plexus. Presents with pain in an ulnar nerve distribu¬ 
tion, or Horner's syndrome (ipsilaleral ermphthalmos, ptosis, miosis, and 
anhidrosis). 

Small Cell Lurtg Cancer 

Appear as centrally located masses arising from neuroendocrine cells with 
extension into the lung parenchyma with early involvement of the hilar and 
mediastinal nodes. Clinically presents late in its course, making surgical treat¬ 
ment ineffective. Radiation and chemotherapy are the mainstays of treatment. 
Associated with several paraneoplastic syndromes. 

Parathyroid hormone-related peptide: Causes hypercalcemia. 

Cushing’s syndrome: ACTH is secreted. 

Syndrome of inappropriate secretion of ADI I (SIADII): A paraneoplas¬ 
tic syndrome associated with lung cancers. 
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Non-Small Cell Lung Cancer 

Tumors are best treated with surgery, as they usually have not metastasized. 

Adenocarcinoma: Peripherally located lesions arising in relation to periph¬ 
eral lung sears (scar carcinoma). Metastasize at an early stage. 

Large cell carcinoma: Croup of neoplasms that likely are squamous cell 
or glandular neoplasms that are too undifferentiated to permit categoriza¬ 
tion. Tend to spread early in their development. 

Bronchial Carcinoid 

Arises from neuroendocrine cells that line the bronchial mucosa. Appear at 
an carh age. Presents with findings related to intraluminal growth (cough, 
hemoptysis, and recurrent infection). 

Malignant Mesothelioma 

Rare cancer of mesothclial cells arising in the parietal or visceral pleura. 
Associated wilh occupational exposure lo asbestos. 'The combination of ciga¬ 
rette smoking with asbestos exposure greatly increases the risk of malignant 
mesothelioma. 


LESIONS OF THE UPPER RESPIRATORY TRACT 


Infectious 

Fever, sore throat, drooling, and difficulty breathing may be presenting symp¬ 
toms, The age of the patient is also helpful in diagnosis. Physical exam may 
show a reddened oropharynx. 

Pharyngitis: Inflammation of the pharynx; manifests as a sore throat. 
Epiglottitis: Syndrome of young children with an infection of the epiglot¬ 
tis (H. influenzae) causing pain and airway obstruction. 

Laryngitis/eroup 

Benign Laryngeal Tumors 

The most common clinical presentation is hoarseness. 

Vocal cord nodules: Smooth hemispheric protrusions located on the true 
vocal cords. These occur chiefly in heavy smokers and singers. 

Laryngeal papilloma: A benign neoplasm cm the true vocal cords, that 
forms a soft, raspberry-1 ihe excrescence, and is rarely more than 1 cm in 
diameter. 

Juvenile laryngeal papillomas: Usually singular in adults but multiple in 
children. Associated wilh human papillomavirus tvpes 6-11. 

Carcinoma of the Larynx 

Accounts for 2% of all cancers. Presents in patients aged > 40 years, more 
often in men than in women. Associated with smoking and alcohol consump¬ 
tion and asbestos exposure. Manifests as persistent hoarseness. 

Clottic tumors: On the vocal cords, usually keratinizing. 

Supraglottie tumors: Above the vocal cords; one-third metastasize. 
Subglottic tumors: Below the vocal cords. 

Nasopharyngeal Carcinoma 

Strong link to LBV. EB\ infects the host by replicating in the nasopharyn¬ 
geal epithelium and then infecting nearby tonsillar B lymphocytes. High fre¬ 
quency in the Chinese. 
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Angiotensin-cun verting enzyme (ACK), 
859 

inhibitors, 89,727, 859 
Angiotensin inhibitors, 44, 5>, S9, 
88-911,92.727 
effects rtf, 90 

Angiotensin receptor bloc leers (ARBs), 
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autonomic nervous system, 33 
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system, 33 
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patent ductus arteriosus (PDA}, S 
Arteriosclerosis. 45-48, 102 
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Arteriovenous fistula, 55. 103 
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Aschoffs bodies/cclls. 56, 5” 
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inflammatory mediators in, 873 
Astrocytoma, 546. 549 
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microateicctasis, 900 
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Atherosclerosis, 102 
atheroma, 102 
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Athetosis, 536. 586 
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Atracnrinm, 566 
Atrial fibrillation, 42,43 
Atrial flutter, 42 

Atrial natriuretic factor t A\Ff, 683 
Atrial septal defect j.ASD), 10. 68, 107. 
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Alrial septum, 2-3 
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Attention defici I/I type metivity disorder 
( ADI ID j. 635-636. 646 
syniptoms of 636 
Auerbach's plexus, 199, 207, 281 
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Audi tun system, 51 5 516 
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hearing defects. 515-516 
Autistic disorder, 633-634. 646 




Autonomic drugs, 565-567 
anticholinergic drugs, >67 
cholinesterase inhibitors. 567 
depolarizing agents. 565-566 
neuromuscular blocking agents, >6> 
nondepolarizing agents. 566 
Autosomal dominant polycystic kidney 
disease (ADPGKD), 752-755 ’ 
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polycystic kidnev disease 
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AV block, 59-40 
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Rabinski reflex, 502 
Bacillus fragilia, 559 
Bacterial vaginosis, 795, 828 
B acterohks fragilis, 245 
Bakers cyst, 405 
Balanitis, 782, 783 
Balaiioposlhitis, 785 
Baliuts syndrome, 479 
Barbiturates, 568, 585. 626-627, 644 
Barlow’s maneuver, 568 
Barn receptor reflex, >2-53 
autonomic nervous system, 33 
Barretts esophagus, 207, 228-229, 
281-282 

Barioneltd hvn&elae, 49 
Basal ganglia, 482-483 
direct and indirect pathways, 483 
lesions of, 540-541 
dementia with Lewy bodies, 54 I 
I luntington s disease, 540 
Parkinson's disease, 540 
Wilsons disease, >41 
major structures of, 483 
Beck’s triad, 70 

BcckwiihAViedcmatm syndrome, 184, 
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BeeIqme 11 ra so lie, 898 
Bells palsy, 509, 512. 554, 555, 556, 
557 

Bence Jones proteins, 334, 356 
Benedikl's syndrome, 492 
Benign pros la tic hyperplasia (BPI13, 
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Return! iu/epiues, 569, 586*626-627, 
644 

sleep disturbances and* 632 


Benztropine, 567 

Berger's disease, 696, 706-707, "31 
Hen jard-Sou tier disease, 319. 321. 351 
Bery lliosis, 8S0-SS1 
P-ndrenergic receptor antagonists, H7 
JJsigimisB, 92 
[irblockers, 91,92, 93 
Bicornuatc uterus, 791, 824 
Bilateral renal agenesis, 652 
Bile, 219 

Biliary atresia, 281 
Bilirubin, 217-219, 274 
in the colon, 219 
elevated 
conjugated, 291 
uncon jugated, 290 
in the kidneys, 219 
in the liver and gallbladder, 218 
metabolism, inborn errors of, 290 
in the reticuloendothelial system 
(RES), 218: 

B ins waitgcr d Lsease ,531,556 
Bipolar 1/11 disorder. 607, 639 
sleep disturbances in, 652 
Bismuth, 278 

Bispliosphtmales, 151, 335,436-437, 
445 

Bitemporal hemianopsia, 173, 487, 
513, >47,549 
Bladder, 656, 663 
Blastomyces dermatitidis, 894 
Bleeding disorders. See 1 lemorrhagic 
disorders 
Blood, 300-303 
cells, 300-303 
dendritic cells, 31)3 
erythrocytes (RBCs), 300-301 
leukocytes (WBCs), 301-303 
macrophages, 303 
plasma, 300 

Blood-brain barrier (BBI3), 471 
Blood pressure 
long-term regulation of, 3 3 
short-term regulation of, 32-33 
Blood urea nitrogen (BUN), 671 
''Blue bloater," 872, 901 
Body dysmorphic disorder, 61", 64! 
Boerliaavc s Syndrome, 282 
Bone tumors, primary*, 452-454 
Bern re hard's nodes, 402 
Rowcnuid papulosis, 783-784 
Bowen’s disease, 783 
Bowman’s capsule, 657, 658-659, 678 


Brachvdaetyly. 367 
Brain abscess, 597 
Brain development, 464-482 
blood supply, 472-475 
circle of Willis, 472-474 
dural veins and sinuses, 474-475 
brain vesicles, formation of, 464 
cerebral cortex* 475 
congenital malformations. 464-468 
ArnokbChiari syndrome, 464-466 
Dandy-Walker syndrome, 466-467 
holnproseneephaly, 467-468 
hydrocephalus, 467 
microcephaly, 467 
frontal lobe, 475-478 
key terms, 468 
meninges, 468-47] 
carcinomatous meningitis, 471 
epidural hemorrhage, 470 
meningioma* 470 
meningitis, 470 
pathology of, 469 
subarachnoid hemorrhage (SAH ), 
470 

subdural hemorrhage, 470 
occipital lobe, 479-480 
parietal lube, 478-479 
tem pora I lo bes, 480-481 
ventricles, 471-472 
ventricular system, 471-472 
Brain lesions* primary', 546-547, 
548-549. 589-590, 593-594 
adult peak incidence, 547-548, 593 
glioblastoma tiiulliforme, 548, 593 
leplotucningeal carcinomatosis, 

>93 

meningioma, 548, 593 
oligodendroglioma, 548, 593 
piuealoma, 548 
pituitary adenomas, 547 
sc I nviii 11 lorna-neurofibroma. >48. 
593 

childhood peak incidence, 548-549, 
593-594 

cra r i i<ipitary iigion ul, 549, 594 
cpendyiuoina, 549, 594 
hemangioblastoma, 549, 594 
medulloblastoma, 548,594 
pilocytic astrocytoma, 548, 593 
retinoblastoma, >49 
Brain stem, 490-496 
medulla, 495-496 
inidbraiu, 490-492 







pons, 492-495 

cross-section of. 494 
medial, content and lesions of, 495 
Brain structures, deep, 482-48$ 
basal ganglia, 482-483 
hypothalamus, 485-488 
internal capsule, 485, 486 
thalamus, 484 
Breast-feeding, 778-779 
Breasts, 758-759, 816-819,833-834 
1 1 i senses of, 816-819 

benign# 816-817,833-834 
cancer, 758,817-819, 835-836 
principal nerves and vessels of, 759 
Brenner carcinoma, 807 
Brief psychotic disorder, 605, 606, 619 
Broca's aphasia,4SI, 531,5S6 
B radio's abscess, 456 
Brodinanus areas of the brain, 477 
Bromocriptine, 582-581 
Bronchi, development of, 841 
B mn c h ia I c a rein oi n a, 906 
Bronchiectasis, 874-876, 901 
Bronchitis, chronic, ST] —S72, 901 
Brom hnditators. 871, 872, 876 
Brown*Set|tiard syndrome, 506, 507, 
550,595 

Brudzinski s sign, 470, 560 
Buck's fascia, 75 I 

Budd-Clnari syndrome (hepatic vein 
thrombosis), 294,131 
Buerger's disease (thromboangiitis 
obliterans), 71, 412, 454 
Bulimia nervosa, 620-621,6-15 
Bullae, 899 

Bullous pemphigoid, 450 
Bunietanide, 724,725 
Bundle-branch block, 40 
Bundles of His, 14 
Buprenorphinc, 569-570 
Bupropion, >72-573 
Burkitt's lymphoma, 354, 356 
Buserelin, 819 
Buspirone, 570 

c 

Caffeine. 628, 632. 644, 895 
sleep disturbances and, 632 
Calcitonin. 148, 151. 175, 177,417 
Calcitrinl, !>t 

Calcium channel blockers and oilier 
vasodilators, 87-88,91,91 


Calcium disorders, 149-150 
hypercalcemia, 149 
1 1 yperparaIhyroidfsm. primary, 149 
hvpocalccmiig 150 
1 1 ypeipara I hyroid i si n, pro iury. 
149-150 

Calcium drugs, 151 
Calcium and phosphate homeostasis, 
144-148 
calcitonin, 148 
pamthvmid hormone (Kill), 

144-146 

vitamin D, 146-148 
Calyces, 662 

Claiyni m atohtteterium gmmt Ioniatis t 793 
Camper's fascia* 751 
Campylobacter, 287, 41S 
Campylobacter jejuni* 246, 54-1 
Cmidesnrhm, 727 
Candida, 782 

Candida albicans 169,792,793, 894 
Candidiasis, 221.222, 793 
oral (thrush), 221, 222 
Caphm s syndrome, 902 
Caput medusae, 260 
C ’arba in:i v, epinc, 579 
Carbon dioxide transport, 862 
Carbonic auhydnase inhibitors. HI, 81 
Carcinoid syndrome, 50 
Carcinoid tumur, 181 
Cardiac catheterization, 80 
Cardiac cycle, 28-30 
heart sounds, 28-29 
SI and S2, 28-30 

pressure tracings during, 28 

pressure changes in diastole and 
systole, 2$ 

pressure changes in jugular venous 
pulses, I A\ and aorta. 28 
Cardiac clcclmphysiology, 16-20 
cardiac action potentials, 17 
conduction velocity, 18, 19 
refractory period. 19,20 
slow response. 17-18 
resting membrane potential, 17 
Cardiac enzymes, 78—79 
Cardiac failure, high-output, 55 
Cardiac glycosides, 23, 92, 93-94 
Cardiac muscle and contraction, 20-24 
excitalion-coiitractiou coupling, 
20-22 

myocardial contraction and 
relaxation, 20-22 


ventricles, length-tension 
relationship in. 21-24 
after load, 23 
preload, 23 

Frank-Slurling relationship. 23—24 
Cardiac output 27 
ejection fraction, 27 
luck's, 27 
stroke volume, 27 

Cardiac tamponade. 11*70, 100. 108 
Becks triad of, 70 
C»i rd ia e hinion. 64-65,109 
myxoma, 64-65, 109 
rhabdomyoma, 65, 109 
Cardiac and vascular function curves, 
25-27 

Cardiomegaty. 10 
Cardiomyopathies, 50-52,61, 106 
dilated/cougcslivc, 50-51, 106 
complications of, 51 
hypertrophic. 51,61. 106 
peri pa lit mi, 50 
restrictive. 51-52, 106 
Cardiovascular system. 1-109 
anatomy, 10-16 

aorta, major branches of. 16 
conduction system, 13-14 
coronary artery anatomy, 11-11 
heart and great vessels, relations! p* 
of, 10 

heart, layers of, 10-11 
heart, surfaces and borders of, 10 
heart valves and sites of 
auscultation, 15 
embryology. 2-10 
aortic arch derivatives, 8 
arterial system, defects in, $-9 
congen i la l c; i rt I iac dc feet 
associations, 10 
fetal circulation, 6—~ 
fetal crvt/impoicsb, 6 
fetal‘postnatal derivatives, 7 
heart, development of, 2-6 
Ic I bin-rig! it shunts (late cyanosis)* 
9-10 

righWfvlefl shunts (early cyanosis). 9 
imaging* 79 

cardiac catheterization* 80 
echocardiography . 80 
nuclear imaging. 80 
pericardiocentesis, 8(J-S I 
radiography, 79 
stress testing, 80 







Cardiovascular system, (Continued) 
pathology, 43-79 
aneurysms. >3-55 
arteriuse 1 ero>is. 4 5-48 
cardiac tumors, 64-65 
cardiomyopathies, 50-52 
chronic ischemic I tear I disease 
(ClI ID), 79 

congestive heart failure (CHF), 
52-53 

emboli, 67-68 
endocarditis, 48-50 
heart murmurs, 58-64 
hypertension. 43-45 
ischemic heart disease, 75-76 
myocardial infarct inn, 76-79 
myocarditis. 48 
pericardial disease, 7(1-72 
peripheral vascular disease, 72-75 
rheumatic fever, 55-57 
shock, 68-69 
venous disease. 66-67 
pharmacology, 81—98 
anti-anginal therapy, 90-91 
a ntiarrhylh mics, 94 
anticoagulants, 95 
ant (hypertensive agents, 81-90 
aulijdate let agents, 96-98 
heart failure, drugs used in, 92-94 
lipid-lowering agents, 94 
tl i i ii n i I io I yt i cs, 98-9 9 
physiology, 16-42 
arrhythmias, 39-43 
arterial pressure, regulation of, 

30-34 

cardiac cycle, 28-311 
cardiac muscle and contraction, 
20-24 

cardiac output. 27 
cardiac and vascular function 
curves, 25-27 
e 1 ectruca r 1 1ingnipiiv, 38-59 
elect mphynjolc>gy, 16-20 
hemodynamics and peripheral 
vascular circulation, 34-38 
pressure-volume iPV) loops. 24-25 
rapid review. 99-109 
Cataplexy, 632 
Cataracts, 558 

Culecl lol-O-t 1 id 1 1 y lira i isferase 
inhibitors, 584 
Cauda equina, 499 
Cauda equina syndrome, 508 


Cavernous sinus syndrome, 474, 555 
Celiac sprue (gluten-sensitive 

enteropathy), 236-237,239, 287 
Central nervous system infectious, 

559- 560, 596-598 
according to type of microbe, 559 
bra m abscess, 597 
encephalitis, viral, 597 
meningitis, 559-560. 596-597 
poliomyelitis, 597 
progressive multifocal 

lcuk< wrleephalnpiitby {PM I,)» 
598 

spongiform encephalopathy, 597-598 
toxoplasmosis, 598 
Centra 1 jie r v ous sys ten i 

netm>1 rapsmitters, 561 -565 
acetylcholine, >62 
dopamine. 562 

Y-atuinohulyric acid (GABA), 562 
glutamate, 563 
glycine, 563 
histamine, >64 
norepinephrine, 564 
sc rot o n i 11 (5-liyd roxytryptamine), 
564-565' 

Central pontine tuyeiinolysis (CPVI), 
495, 543-544,600, 719,735 
Cerebellum, 488 
anatomy. 488-489 
dysfuclion and syndromes, 490 
m a j or pa 11 1 ways, 489-49() 
neurons and fibers of. 490 
Cerebral contusion; 546 
Cerebral edema, 546 
Cerebral cortex lesions, 539 
Al/.lieimcr's disease, 539 
niulti-infarcl (vascular) dementia, 

539 

Pick's disease, 539 
Cerebral lien nation syndromes, 

560- 56] p 596 

ec robe 11 a r t oils i lb i r, 561 
cingulate. >61 
suhfalemc, 596 
tonsillar. 596 
transtentorial, 561, >96 
Lineal, >61 

Cerebrovascular disorders. 529-535, 
598-599 

bimwangci disease. >31 
embolic stroke (hemorrhagic 
infarction), 530-531 


global hypoxic-ischemic 
encephalopathy, 598 
infarcts, >98 

intracranial hemorrhage, 531 4 
532-533 

types of, >32-533 
lacunar infarcts, >3], 533 
primary brain parenchymal 
hemorrhage, 598-599 
stroke presentation according to 
cerebral location of occlusion, 
535 

thrombotic stroke (pale infarction), 
530 

vascular malformations, 599 
Cerebrum, surface anatomy of, 476 
Ceruloplasmin, 2"6, 293 
Cervical diseases, 794-795, 828-829 
cervicitis, 829 
dysplasia, 794 

invasive carcinoma, 794, 829 
high-risk I IPV, 794 
Chagas' disease, 48, >0, >K 226 
Chalks! kk fracture, 445 
Chancroid. 793, 837 
Chandelier sign, 795 
Charcot-Leyden crystals, 901) 
ChareobMarie-Tooth disease, >54-555 
Charcots triad (cholangitis), 270,492 
Che mo r ecq 31 ors. 86 8 
Chemotherapy drugs, 338-339 
busulfim, 339 

ci splat in and carboplatiu, 339 
cyclophosphamide and ifosfanridc, 
338 

uitrosurcaSt 338-339 
Chest wall, diseases nfTeetiug, 876 
Childhood disintegrative disorder, 646 
Chlamydia, 782, 783 
Chlamydia pneumoniae. 46.903 
Chlamydia trachomatis^ 418, "82, "83, 
784,788, 793,795,836, 837 
serotypes D-K. 793 
Chlordiu/.cpnxide, 569 
Chlorpheniramine, 898 
Chlorpromazhie, 574-575 
Chocolate cysts, "97, S31 
CholanginciJrcinoiiin, 267. 294 
Cholangitis, primary sclerosing, 295 
Cholecystitiv. 269-270. 295 
acute 

acale ilium, 295 
calculous, 295 





Cholecy'stokinm* 2 14 
Clioledocholithiusis* 253, 289 
Cholelithiasis (gallstones), 214. 218, 
268-269, 294-295 
types of ami typical findings, 268 
Cholestasis. 280 
Cholinesterase inhibitors, 567 
Chondrosarcoma. 401.454 
Cchordoma, 564 
Chorea T 535-536, 586 
diseases charac leri/ed by. 556 
Choriocarcinoma, "87. 8(15, 815-816, 
826,833 

Chorionic si!Ins sampling (CVS), 774, 
776 

Choroid plexus, 47!, 549 
papilloma, 549 

Christmas disease (hemophilia B), 321. 
551-352 

('hrmnalolysis, 518 
Chromosomal abnormal flies, 

diagnostic testing for, 776 
Chromosomal translocations, 556 
Chronic ischemic heart disease 
(CfHD), 79 

Chronic obstructive lung disease 
(Cnrm, 869-876,901 
asthma. 872-874 
bronchiectasis, 874-876 
bronchitis, chronic, 871-872 
emphysema, 869-871 
Cl mrg-Stni u ss sy 11 drome,75. 4 5 *1 
Glivrwstck’s sign, 1 50. 722 
Chyloeclc, 824 
Circadian rhythm, 63] 

Circle of Willis, 472-474 
Cirrhosis, 258-259, 280, 291,292, 723 
alcoholic, 259-262, 292-293 
diffuse hepatic tissue scarring 
with portal hypertension, 
consequences of, 260-262 
impaired liver function 
(hepatocellular damage), 261) 
diuretic use in, 723 
etiologies causing, 26U 
histologic features of, 262 
primary biliary (PBC), 263. 293 
Citalopram. 571 
Ci vatic body, 451 
(dams cells, 851 
Clear cell carcinoma, 8i)8 
Cleft haud/fout, 367 
Clnmiphenc, 772, 821 


Clopidogrcl. 97 

Clostridium difficile, 245, 246, 286. 

287 

Cluxlridiimi per/nngeux, 287 
Chat rid i mu tetanu 391 
Clozapine, 575 
Clubfoot, congenital, 367 
Coarctation of the aorta, 8, 9. 44, 107 
Coccidioides iminitk. 894 
Cocaine, 76, 627,644 
Codeine, 569-570, 89S 
Codman’s triangle, 453 
Cognitive disorders. 621 -623 
amnestic disorders, 623 
delirium, 621-623 
dementia, 623 
Colchicine. 439 
Colitis 

infectious, 246, 289 
pseudomembranous, 245—246 
Colics’ fascia, 751 
Colics' fracture, 379, 38 1 
Colon* 21 5-216.285.288, See also 
Large intestine 
adenomas. 285 
carcinoma, 288 

inflammatory diseases of 243-246 
Crohn's disease (CDi and 
ulcerative colitis -1 r C), 24V245 
colitis 

infectious, 246 

pscudomemb] anoi is. 245-246 
tumors of 247-253 
adenomatous polyps, 247 
benign polyps, 247 
colorectal cancer, 249-251 
multiple polyposis syndromes, 
247-249 ' 

Colonic polyps, 24“ 285 
types of 285 

Colorectal cancer, 249-251, 285-286 
(am redo, 835 
Concussion, 592 
Conduct disorder. 635, 646 
Condyloma acuminatum (genital 
wart), 792, 837 

Congenital adrenal hyperplasia (CAH), 
161 

Congenital cardiac defect associations, 

10 

Congestive heart failure (Cl II 1 ). 52■•53. 
57, 104.723 
diuretic use in, 723 


left-sided, 52-53 
right-sided, 53 

Connective tissue disease, 102 
Conn s syndrome (primary 

aldosteronism), 44, I 57, 
159-160, 174.726 
Conns medulla) is, 499 
Conus medullar is syndrome. 5 ( (8 
Contusion. 592 
Conversion disorder, 616, 641 
Coopers ligaments, 758 
Cor pulmonale, 52, 104, 872. 877 
Comnai}' artery anatomy, 11-13 
bundles at His, 14 
dominant circulation, 13 
major branches, 11-13 
myocard ia! infarction. 13 
Corpus hiteum cyst, 803 
Corrigan's pulse. 62 
Corticosteroids, 440, 872, 874, 897 
Corticosterone, 154 
Cortiebtropin-releasing hormone, 117 
Cortisol, 154, 155-156 
actions of 155- \ 56 
C tinmebaderium diphtheritic, 48 
Courvuisier s sign, 290 
Cowdens syndrome, 285 
Coxa vaigaA ara, 379 
Co xietlts burnetii, 891 
Coxsackievirus B, 50 
C Cranial non e pa by, 555-559 

eye movement, defects in. 555. 556, 
557 

CN 111 lesion, 555, 556 
CN IV lesion, 555-557 
CN VI lesion, 557 
facial lesions, 557 
Bell's palsy, 557 
LMN lesion, >57 
UMN lesion. >57 
intemuclear ophthalmoplegia 

(media) longitudinal fasciculus 
syndrome), 557-559 
uveitis, 557 

visual field defects. 55" 

Crania! nerves, 506-51 I. 512 
exits, 512 
lesions, 509, 5)2 

Craniopharyngioma. 3 16. 549. 551, 
594 

CramoschUb, 461 f 462 
Craniosy nos loses, 363 
("-reactive protein. 46, 73 




Creatinine, 671 
(’RF.ST syndrome, 427, 449 
Cretinism, HI, 176, >61 
Oevitzfeltk-Jnkob disease (CJO), 559, 
597-598,645 
(higler-Najjar's syndrome 
type 1.256.290 
type 2. 256-257, 290 
Cmlm's disease (CD), 243-245, 284 
clinical and pathologic features of, 
245 

Cromolyn, 874,896-897 
Cryptorchidism, 749, 784. 786, 824 
CnptiKOVcm neofarmans . 559, 894. 905 
Cn'pta&fxiridiunu 246, 286. 287 
Curlings ulcers, 283 
CursehmamVs spiral. 900 
Cushings reflex, 546 
Custling's syndrome, 44. 120, 156, 
j 58-159. 173, m 346 
Cushing’s ulcers, 283 
Cyclucmgenase-2 inhibitors, 441-442 
(ydophospl i;t inkle, 440 
Cy clot Ini nlc disorder, 607, 639 
Cyp role rone, 773 
Cystic fibrosis (CF), 216,90! 

Cystic medial necrosis, 55, KM 
Cv si osar coma phyllodes lumur, 81T 
Cytiirahine, 340 
C\louiegalnvirus (CMVb >57 

1 > 

Daua/ul, 819 

Dandy-Walker s v udrciii ie. 466-467, 

' >24-525,588 
Dantrolene, 585 
Deep tendon reflexes, 500 
Deep venous thrombosis (DVT), 

66-67, 103,885 
Defense median isms, 603, 604 
immature, 604 
mature, 603 

Degenerative diseases, 536-538, 
588-589 

progressive supranuclear palsy, 
537-538 

Deglutition (swallowing), 206 
esophageal phase, 207 
I )ehvdmcpiaiitirosicmnc (Dl IDA), 

766 

Delirium. 621-623. 637, 643 
Delirium tremens, 626 


Delusional disorder, 639 
Delusions, 604,637 
De m e e I < icye line, 726-727 
Dementia, >36. 623, 637, 643 
with hewv bndics, 541 
multi-infarct (vascular), 539 
types (it and cliaiac(eristics, 645 
vascular, >36 

Deiuyelinatiug diseases, 538-545, 
590-591 

acute disseminated [postinfectious) 
encephalomyelitis, 543-544 
central pontine un ci biolysis, 
543-544 

CiudIain-Banc syndrome, 544, 591 
multiple sclerosis, 538, 542, 

590-591 

primary characteristics of, 542 
progressive mutHfolcal 

leukoeueephalopathy, 542 1 591 
Dcnyvl )rash syndrome, 718 
Depersonalization disorder, 642 
Dc pol arizing agents, 565-566 
sneciiivlehotiiie, 565-566 
De press km. sic ep distuxbat \ ees in, 632 
Depressive episode, 606, 638 
Dermatitis 
allergic contact 450 
atopic, 450 

herpetiformis, 237, 450 
Dermatomyositis, 414-416, 446 
Dcsfluraue, >85 
Desipmmine, 572 
Desloratodine, 898 
Desmopressin. I30 f 726 
Devie’s syndrome, 508 
Dexamethasone suppression test, 606 
Dcxt roi net 11orphan, 899 
Diabetes insipidus (Dl), 126-128, 181 
causes of, 127 

differentiating between central and 
nephrogenic, 127 
Diabetes indliliis. 167-169,714 
d i abet ic kc tone i c U )sis 1D KA), 
pathogenesis of, 168-169 
diagnostic criteria for. 16b 
drugs, 170-171 
insulin. 170—171 
iusu I independent, 178 
type 2, 179 

u ncontrolled, effee Ls of, 17 9 
Diabetic nephropathy, '’00-701 
time course ol development of, 700 


Diaphragm, 388, 843-844, 848-849, 
855 

development of, 843-844 
diseases of, 876,877 
Diarrhea. 286-287 
causes of, 287 
Diazepam. >69 
Dieulafoy s lesion, 288 
Diffuse axonal injury, 592 
Diffuse cortical necrosis, 712 
Diffuse large B-cell lymphoma. 354 
DiCeorges syndrome, 144, 463, 735 
Dihydratestosterone (Dll 13,766, 767, 
781,788 

Dimcnhydrinate, 898 
Diphenhydramine, 898 
Dipyridamole, 98 

Disaccharidase deficiency, 238. 239 
Disruptive behavior disorder, 635.646 
conduct disorder, 635,646 
oppositional defiant disorder, 635, 
646 

Disseminated intravascular coagulation 
(DIG), 68,350.827 
I} issue i a 1 ive d i so rtlers, 624, 642 
depersonalization disorder, 642 
dissocktive amnesia. 642 
dissociative fugue, 642 
dissociative identity disorder, 642 
Diuretics, SI-84.92,723-726 
carbonic aohydrase inhibitors, 81, 
83,725 ’ 

electrolyte changes with, 85.724 
loop, 83, 85, 724. 725 
osmotic, 81,85,724-725 
overview of sites of action of, 82 
potassium-sparing, 84, 8>. ~24, 726 
thiazide, 83,85, 724,725 
Diverticular disease, 23,8. 2S7 
diverticulitis, 241-242.287 
divert ieiilosis, 240-241 1 287, 288 
Donepe/il, 582 

Donovanosb (granuloma inguinale), 
793, 837 

Dopamine (prolactin-inhibiting factors 
117, 562,563 
agonists, 129 
synthesis of, >63 

Dorsal column-medial I emu i sens 
pathway, >04. 505 
Double tract sign. 186 
Down’s syndrome (trisomy 21). 186. 
223, 243.367, 774 





Doxacuriiun* 566 
Doxcpin, 572 
Doxorubicin, 540 
Dressier s syndrome* 71, 79, 108 
OiibiiT-Jf>hn^oiTs syndrome, 255, 291 
Ductal carcinoma in situ tDCIS), 
817-818, 855-836 
Duloxetinc* 5*T3 
Duodenal atresia, 186 
Duodenal ulcers, 232-234 
Dysarthria, 586 
Dysgertnimiim, 804 
Dyskinesias, 535-536 
athetosis, 536 
chorea, 535-536 
diseases characterized by. 536 
hem iball bums. 536 
Dysphagia, 280 
Dyspnea, 899 
Dvssomnias, 630, 65 ] 
key characteristics of, 631 
Dysthymic disorder. 607, 638 

E 

IZehinoeocatii granulosus* 559 
tie t u ica rd i < >gr a pi jy ,80 
Echo virus, 559 
Eclampsia, 812.827 
Ectopic pregnancy, 769, B10, 827 
Edema* 37-38 
types of, 38 
Edrophonium, 567 

Khlers-Daiilos syndrome, 102. 319, 528 
EisenmengerV syndrome, 10.60,867 
Ejection fraction, 27 
Elastase, 899 
Elbow, 3S1 

KI ec t roca rd i Ogn i pi n , 3 8-39 
electrocardiogram lead system, 38 
e led xi rca rdi c >grapb ic inte rva Is, 38-3 9 
Wolff-PaikiiistmAVliite syndrome, 38 
Electrolyte abnormalities, 718-723, 
734, 735 

hypercalcemia, 721-722, 735 
hyperkalemia, 720,735 
hypernatremia. 718-719,735 
hypocalcemia, 722,735 
hypokalemia, 721-722*735 
hypomagnesemia. 722-723, 735 
hyponatremia, 719, 735 
Elephantiasis, 824 


V. 1 i millation d horde rs, 64 ” 
encopresis. 647 
enuresis, 647 
Emboli, 67-68 
uimiiotic fluid. 68 
arterial, 68 
fat, 68 
gas, 68 

paradoxical, 68 
pulmonary*, 67 

Embryonal carcinoma, ”87, 8115, 832 
Embryona I rhabdomyosarcoma 
(sarcoma hobyoides). 792 
Emphy sema* 853, 856. 867, 869-871, 
901 

Empty sella syndrome, 116 
Encephalitis. 559. 59" 
viral, 597 
arbovirus, 597 
cytomegalovirus, 597 
herpes, 559, 597 
11LV, 597 

Eneephalocele, >S” 

E n c e ph a I omycIf tb, acute d i ssc m i tra te d 
(postinfecdous), 543-544 
Encephalopathy, global hypuxte- 
isehenue, 598 
Enel mod ron la, 398, 453 
Encopresb, 647 
Endocardial fibroelastosis, 51 
Endocarditis, 48-50, 57 
bade rial causes of. 49 
carcinoid syndrome, 50 
infective, 48-49. 5“, l()6 
l -ibman-Sacks (1 ,SK ), 49. 106, 421, 
422*446 
marantic, 49 
Endocardium, 1 \ 

Endocrine system. 111-182 
adrenal gland, 151-16! 
anatomy* 152 
androgens, 1 57-158 
disorders of, 158-16! 
embryology, 152 
glucocorticoids. 153-1 56 
histology, 152-153 
mineralocorticoids. 1 56-157 
steroid hormone synthesis, 153 
hypothalamus and pituitary, 112-13(1 
anterior pituitary' disease. 124-126 
hormone basics, 112-115 
hypotlialamic-pitiritan axis, 
115-124 


pituiianVhypotluilanuc 
pharmacology, 129-130 
posterior pituitary disease* 126-128 
pancreas. 161-172 
anatomy, 161 162 
diabetes drugs, I ”0-1 "1 
embryology, 162 
endocrine, disorders of, 167-170 
histology, 162-163 
hypoglycemic drugs, oral, 1 7 1-1 ”2 
insulin, 163-166 
glucagon, 166 
somatostatin, 167 
rapid review, 173-182 
thyroid and parathyroid, 1 30-151 
antithyroid drugs, 140 
calcium disorders* 149-150 
calcium drugs, 1 51 
calcium and phosphate 
homeostasis, 144-148 
hypothyroidism, drugs lor, 

I39-H0 

parathyroid gland. 141-144 
thyroid, 130-140 
Emloderma! sinus tumor, 804 
Endometrioid carcinoma, 808 
Endometritis, 829 
Endometrium, 795-801 
atrophic, 801 

carcinoma of, 800-801.830 
hyperplasia, 798-799* 801 
endometriosis, 795-797, 829 
Endoscopic retrograde 

cholangiopancreatography 
(ERCP), 269 
I .nlaeapoue, 584 

Entamoeba histolytica, 246. 286, 287 

Kntvrobacteriaceac, 559, 903 

Enterococcus 49 

Enterngjticagon, 215 

Enuresis, 647 

Eusinophilia, 302 

Epemlymoma, 549, 594 

I epididymitis* 784, 824 

Epidural hematoma, 469,470. 532, >92 

Epiglottitis, 906 

Epispadias* 750. 824 

Epithelial cell tumors, 806-807 

Epstein-Barr vims, 346 

Erectile dysfunction* 768 

Ergometrine* 822 

Erythema marginatum. 55, 56 

Erythema multifonue, 451 



Erythema nodosum, l )02 
Erythroblastosis let.ills. 313—314, 
8I3-RI4 

l'iylhTOtTt(>siN/|K>iycytlicmia, 31s 
Erythropoietin* 682 
Rvchewhut culi 245, 287, 320, 333, 
436,339,731,733.784,788 
enleFohemnrrhagic, 287 
entered vasive, 287 
enterotoxigenic, 287 
0157;H7, 320,733 
Esophagus, 103. 207, 223-230, 288, 
291.844 

achalasia, 226 

Barrett's, 207. 228-229 
congenital malformations of, $44 
esophageal atresia fEA). 223-224. 
844 

tracheoesophageal fistula (TEE). 
223-224. 845 

esophageal cancer, 229-230, 282 
adenocarcinoma, 282 
squamous cell carcinoma. 282 
esophageal diverticula, 224-225 
esn p ha gc; i1 va rices, 103.225-226, 
288,291 
esophagitis, 288 
gastroesophageal reflux disease 
(GERDt. 226-228 
swallowing, 207 

Kstragen-progesteroue therapy (EFT), 

780 

Kslrogen-rdatcd drugs, 772 
Estrogens, 408,767, 771—772, 820-821 
estradiol, 767 
eslrinl. 767 
Ktanercepl, 438 
Kthaeiynic acid, 724. 725 
Ethosuximide, 578 
Ktnposldc, 340 

Ewing's sarcoma, 356, 399-400, 154 
Kxtrahepatic bile duel carcinoma, 296 
Extriinodal marginal zone (MALT) 
lymphoma, 355 

Extraputmonan restrictive disease, 876 

F 

I ahry4 disease, 5! 
f actitious disorders, 618,642 
Munchausen syndrome, 61S 
Munchausen syndrome by proxy,618 


Fallopian tubes, segments of. “57 
Familial adenoma Ions polyposis (FAP) t 
247-248, 285 
Faiicoin s syndrome, 71 5 
l 7 at necrosis, traumatic (breast), 81", 834 
Femoral canal, 191 

Femoral (lead, slipped epiphysis of, 379 
Femoral triangle, 190 
Fertilization, 768-769 
Feuteiiyl. 569-5/0, 586 
Fdat alcohol syndrome, 46S 
Fetal circulation, 6-7, 298-300* 774* 
776-778 

changes m after birth, 299-300 
shunts in. 777 
Fetal ervthropoiesis, 6 
hemoglobin, 6 
organ involvement, 6 
Fexofenadine. 898 
Fibroadenmna of breast, 817, 834 
Fibrocystic change of breast, Si 6, 835 
Fibrommcular dysplasia. 101 
Fibrous dysplasia. 411-412, 445-446 
Finasteride, 773,789,823 
First arch syndromes, 141 
Fit/-Hugh and Curtis syndrome, 795, 
836 

5-FIuon>nraeil t5-KU), 340 
Fluoxetine, 571 
Fhitamide, 773,789,823 
Flnvoxamine, 571 

Focal nodular hyperplasia* 265-266 
Focal segmental glomerulosclerosis 
(FSCS), 698,730 
Folic acid deficiency, 314 
Follielc-shmnl.Jting hormone (FSII), 

121. 180,830 

Follicular lymphoma, 353. 356 
Fontandles. >62 
Foramen ovale, 2 
Foster Kennedy syndrome. 516 
Frank-Sterling relationship, 23-2 J. 25 
Friedreich s ataxia, 507, 509, 5-H, 589 
Furoseniide, 724, 725 

G 

Gabnpentrn, 580 
Gage, PI mic as, 477 
C h i\cazzis sign. 368 
Calactocele, 821 
Galantaintne, 582 


(Gallbladder, 204.2P-2I9 
bile, 219 

bilirubin, 217-219 
carcinoma, 295-296 
Gallstones (chtolelithiasib), 214* 218, 
268-269, 294-295 
types of and h pica I findings, 268 
Camdogenesis, 759-760 
overview of, 7(1 

Y-aminolmtvric acid I (GABA), 562 
y-glutamyl transferase, 275 
Gaimelix, 819 
Gap junctions. 20 
Canine re Ha vaginalis, 792, 793, 795 
Gardner’s syndrome. 248, 285 
Gastric cancer, 234-236, 283-284 
adenocarcinoma. 234 
limtis plasiiea I leather bottle 
stomach), 284 

primary gastric lymphoma, 234-236 
Gastric inhibitor) peptide. 215 
Gastric ulcers, 232 
Gastrin, 178, 210,214 
Gastrinoma, 170, 180, 290 
Gastrin-releasing peptide K GRP). 211 
Gastritis* 230-232,282-283 
acute, 230. 283 
autoimmune, 283 
chronic (atrophic), 230-232. 283 
erosive, 288 

(Gastroesophageal reflux disease 
(GERDh 207,226-228, 
281-282,771 

Gastrointestinal bleeding, 288 
lower Cl, 288-289 
upper Cl, 288 

Gastrointestinal system, 185-296 
anatomy, 187-204 
abdominal planes and regions, 

188-192 

abdominal wall, 187-188 
arterial supply, 193-195 
h mpl vatic drainage. 197 
nerve supply, 197-200 
< ugat i s. a natom v a i id 1 i is to log* i >f, 
201-204 

venous drainage. 193-197 
embryology, 184-187 
development, overview of, 184 
gastrointestinal trad. 

malformations of, 184-187 
peritoneum and abdominal 
viscera, 192-193 








pa 1 liology, 219-2 76 
appendicitis, 251 

c holccysiilis, 269-270 

cholelithiasis, 268-269 
colon, inflammatory diseases of, 
243-246 

colon, tumors of, 247-2S3 
enzyme markers of, 273-276 
hepatobiliary system, 253-263 
oral cavity, 2 19-223 
esophagus, 223-230 
hepatic tumors. 265-266 
hernias, abdominal, 251-253 
intestine, small and large, 236-243 
metabolism, inborn errors of, 
265-265 

pancreas, exocrine, 270-273 
stomach, 230-256 
pharmacology, 276-280 
antacids, 279, 280 
bismuth and sucralfate, 278 
histamine blockers, 277 
infliximab, 278 
misoprostol, 27H 
ondansetron, 279 
proton pump inhibitors (PIMs), 
277-278 

sulfasalazine, 279 
physiology. 205-219 
colon, 215-216 
esophagus, 207 
hypothalamus, 205 
liver and gill I bladder, 217-219 
mouth, 205-206 
pancreas, exocrine, 216-217 
small intestine, 211-215 
stomach, 207-211 
rapid review, 280-296 
Gastrointestinal tract 
arterial supply of, 193-195 
abdominal aorta, 193-195 
lymphatic drainage of, 197 
peyers patches, 197 
malformations of. 184-187 
duodenal atresia, 186 
gast resell is k 185 
intestinal i rial rotation, 185 
omphalocele, 184 
py 1 oric stemj.sis, 186-187 
nerve supply of, 197-200 
extrinsic innervation, 197-198 
intrinsic innervation, 198-199 
visceral sensation, 199-200 


venous drainage of, 195-197 
azygos venous system, 195 
inferior vena cava (IVC ) venous 
system, 195-196 
portal venous system, 196-197 
Oaslrosehisis, 185, 281 
Gnstrulation, 460 
Gaucher's disease, 51 
Genera! ized atixiety d iisordcr, 640 
Genital wart (condyloma 
acuminatum), 792 
Germ cell tumors, 803-804 
Gerstmann's syndrome. 479 
Glum's complex, 904 
Chon's focus, 904 

Giant cell (temporal) arteritis 410-431, 
446,455 

Giant cell tumor of bone. 397-398,453 
GuinUti, 287 

Giiinliii himbliOt 246, 286 
Gigantism, 119. 125, 361 
Gilbert s syndrome. 256, 290 
Glanzmann s thrombasthenia, 319, 

321,351 

Glaucoma, 560 

Glioblastoma multiforme, 546,548, 

593 

Glomerular filtration rate iCI R). 671. 
715 

Glomerulonephritis, *03-705 
;k i rte p m [ i ferat i ve (pos ts t rc p I < icocca 1 / 
infectious), 703-705, 730 
rapidly progressive (crescentic 
RPGN). 704-705, 730-731 
Glomerulus, 657,658, 678.695.696 
filtration barrier, 670—671 
filtrate, 671 
filtration rale, 671 
glomerulopathies, 695. 696 
Glucagon, 166, 178 
Glucagononuu 170. 180, 290 
Giu e ncor licoids, 153-156 
synthesis and regulation. 153-J54 
Gluease4vphosp1iatc dehydrogenase 
(G6PP ) deficiency, 307-308 
Glutamate, 563 

Glutamate receptor antagonist, 5S1 
Gluten-sensitive enteropathy (celiac 
sprue), 236-237 
Glycine, 563 
Glyeopyrtolale, 567 
Goblet cells, 851 
Goiter, 131 


Gonadal agenesis, 748 
Gonadal steroids, 766-767 
androgens, 767 
estrogens, 767 
progestagens, 767 
Goiiadordin, 819 

Gonadotropin a sis, drugs to modulate, 
819-820 

gonadotropin-modulaUng agents* 
819-820 

gonadotropin-releasing hormone 
agonists, 819 

guiladotropiiwelcasiug hormone 
antagonists. 819 

Gonadotroph i-reI casing hormone 
(GnRH), 117 
Gonadotropin surge, 764 
Gonorrhea, 782,783,837 
Goodpasture's syndrome, 429-430. 
448 ,mi 705-706,736,883, 
902 

Coserelin, 341-342, SI9-820 
Gottron's rash, 415 
Gout, 412-413,447-448 
drugs used to treat, 439-440 
allopurintil, 439 
colchicine, 439 
probenecid, 441) 

Granuloma inguinale (doiiovanods), 
793, 837 

Granulosa cell tumors. 808 
Graves'disease, 135, J76 
Growth hormone, 118-120,121. 180, 
181 

regulation, 120 

Growth hormone-releasing hormone, 

117 

Cuillain-Rarre svndrutiic. 508, 5+4. 

554.591, 876 
Gustatory system, 516-5]7 
gustatory pathway, 516-517 

II 

HACKK organisms. 49, 106 
Haeniophiim mflucnzde* 48, 310, ”95. 
890, 903, 906 

Haemophilus ducreyi, 793, 83^ 
Haldane effect, 862 
I lathicinaUons, 602,605,637 
I lailneinogcm, 628-629 
Haloperidol, 575 
i faloihane, 585 
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I lampion's hump, 885 
Hand4chii]|er-Christian disease, 3 >6, 
357 

UnsliimoU/s thyroiditis* 138, 176 
Head and neck muscles* 
larynx 384485 
mastication muscles, 383 
muscles willi “glosstts" and "palal,** 
383-384 

s ten me leklo mastoid t 3 84 
Heart, See also Cardiovascular system 
disease, ischemic, 4-76, 79, 105 
angina pectoris* 75-76* 105 
embryonic structures and adult 
derivatives, 2 

failure, drugs used in, 92-94 
(3-agonists* 92 
cardiac glycosides* 93-94 
phosphodiesterase inhibitors, 94 
and great vessels* relationships of, 10 
layers of, 1(1-11 
endocardium, 11 
myocardium, 11 
pericardium* 11 
murmurs* 58-64, 108 
aortic valve regurgitation (All), 62 
classification oh 59 
mitral regurgitation (AIR), 38 
mitral stenosis, 62-63 
mitral salve prolapse (MVP), 61 
patent ductus arteriosus (PDA)* 64 
summary of, 108 
ventricular septal defect (VSD), 
60-6! 

sounds, 28-29 
SI and 82,2840 
S3* 52,58 

surfaces and borders of, 10 
valves 

characteristics of, 15 
diseases of. 105 
and sites of auscultation, 15 
I learlburn, 28(1 
I leavy-ehain disease* 356 
Heberclen s nodes* 402* 4+4 
Heerfordt-Waldenstrom syndrome* 425 
Helicobacter pylori, 231,232,253*234* 
236* 278, 283 

I IK LLP syndrome* SI 2* 82"" 
Hemangioblastoma* 549, 594 
I lemanginma* 267 
I icmatemesis, 280 
I famatocelc, 786, 824 


1 kinatology and oncology, 297457 
anatomy* 300-303 
blood, 300-303 
cmbiyology. 298-300 
fetal circulation. 298-300 
lit ilia topiocsis, 298 
hemoglobin, types of, 298 
pathology* 304-338 
anemia, 304-318 
hemorrhagic disorders* 318-322 
pnlvcytbemia/eiythrocvtosis, 31S 
white cdl disorders* 322-338 
p 1 i a riua c t >1 ogy, 338-343 
ant i metabolites, 339-340 
chemotherapy dmgs. >38-339 
hormonal agents* 341-342 
native cytokines used in cancer 
treatment* 342-543 
targeted molecular therapeutics, 
342 

topoisomcrase inhibitors* 340 
tubulin, drugs tliat target* 341 
rapid review, 343-357 

I fematopioesis* 298 

Henic synthesis, 337 

Hemivertebra, 366 

I lemochrom.itasis, 51* 263-264* 414 

I leniodyiunnics and peripheral vascular 

circulation* 34-38 
blond* 34 

capillary fluid exchange, 36-38 
edema, 3748 
lymphatics, 37 

net filtration pressure (P ( ) t 37 
net fluid flow* 37 
hemodynamic parameters* 3546 
blood flow, 35 

capacitance (compliance)* 36 
resistance, 3546 
laminar versus turbulent flow , 36 
vasculature, components of* 34* 55 

II cm i hall ism ns, 536* 586 
contralateral, 590 

I lemoglobiu* 6, 173, 298 
Aie> 173: 
adult, 298 
fetal* 6, 298 

1 lenioglobimiria* paroxysmal 
nocturnal, 312 

1 lemolvlic uremic syndrome (I tUS)* 
351,733 

Hemophilia A/B, 319,321*322, 
551452 


1 lemoptysis, 899 

Hemorrhagic disorders, 318-522, 350 
causes of, 3 ] 9 

clotting factor deficiencies. 321 
laboratory findings in* 322 
liver disease, 321-322 
platelet function abnormalities, 321 
tests of, 350 

11 1 ro m b o cytopei ha. 320-321 
vessel wall abnormalities. 518—319 
1 lemorrhoids, 103. 258* 289 
1 Scndersond lassclbalcli equation* 687* 
688 

Henoch-Schcinlcin purpura (HSP), 
74-75,319,436, 706. 707 
1 Ieparin, 95* 96 

Hepatic encephalopathy* 260* 600 
I (epalic steatosis* 92 
Hepatic tumors* 265-268 
benign, 265 

focal nodular hyperplasia, 265-266 
hepatocellular adenoma* 265 
malignant 266-267 
hepatocellular carcinoma 
(hepatoma), 266-267 
metastatic tumors. 267 
other, 267-268 

1 Icpatic vein thrombosis (Rmld-Chiari 
syndrome), 294 
1 lepalitis* 291-292 

A, 292 

alcoholic* 257-258* 292 
autoimmune* 292 

B, 292. 546 
C* 292 

D* 292 
E* 292 

Hepatobiliary system* 253-263, 294 
alcoholic cirrhosis, 259-262 
cancers, 294 

cholangiocarcinoma, 294 
hepatocellular carcinoma* 294 
liver cell adenoma (hepatoma), 

294 

cirrhosis and portal hypertension* 
258-259 

hepatitis* alcoholic* 257-258 
hyperbilirubinemias* hereditary, 255 
jaundice, 253 

primary biliary cirrhosis (BBC), 263 
Reyes syndrome* 25H 
[ k-patoblastoma, 268 
1 lepatocellular adenoma, 265 












f lepatocelkdar carcinoma (hepatoma), 
266-267. 294 

l lepalolenticular degeneration 

(Wilson's disease)* 264-265 
I le pa to renal svjidnue. 260 
l lcrceptin i trasUmimah), 142* 820 
Hereditary nephritis (Alport s 
syndrome), 707-708,71) 
Hereditary nonpolvposis colorectal 
cancer (HNPCC)i 248-249 
Hereditary spherocytosis, 308-309 
I Icmiaphroditism, true* 749,781 
Hernia, 191, 192,251-251, 289, 
169-170,741,751* 782,844, 
845 

abdominal, 251-251 
femoral, 192 
incisional, 252 

inguinal. 191* 192, 741, 749* 751* 
782 

umbilical. 252 

diaphragmatic, congenital, 369—370, 
844, 845 
hiatal, 282 

Herpes encephalitis. 559 
! terpes simplex virus type 2 (genital 
herpes)* 791* 837 

I lerpes virus-8,146 

II esse I bach's triangle, 252* 74) 

Hip* >68* 181 

dislocation, congenital* 168 
1 lirschsprung's disease (congenital 
megacokm), 241* 281,461 
Hirsutism, 88 
Histamine, 215* 564, 859 
Histamine blockers, 277* 8% 
first-generation* 898 
second-generation, 898 
llistoptasma cap&ulatuuu 894 
Hives (urticaria), 457 
I iodgkiifs lymphoma, 124-125,127* 
151 * 

histologic types of and their 
characteristics, 127* 129 
Holoprosenceplialy* 467-46S 
Holt-Oram syndrome, 167 
Homans' sign, 66* 101 
i lomunculi, motor and sensory, 478 
I hmeyeonib lung, 902 
I lonnotie replacement therapy (I IRT), 
779 

I Inn nones* 112—110* 155* 718, 
766-767 

gonadal, 766-767 


peptide, 114-115 

plasma transport of) ip id-soluble* 114 
in sexual differentiation* 718 
site of action, 112-111 
stress* 155 

types, by mechanism of action, 
113-114 

I tomers syndrome, 495* 501* 507* 514* 
552* 595* 888* 905 
Horseshoe kidney* 651-654 
I Imvelbfolly bodies* 111 
Human chorionic gonadotropin 

(hCC), 765* 774, 786* 814-815 
fi-hCG* 824 

I lumau papillomavirus (HPV), 146, 
792* 794. 829* 817 
high-risk types* 794* 829 
Huntington's disease* 482, 497, 516* 
540* 575, 588-589 
Hutchinson's triad, 817 
Hyaline arteriolosclerosis. 700 
Hydatidiform mole* 814-815* 826 
I lydralazinc* 88 
Hydrocele, 741*785*786* 824 
Hydrocephalus, 461 * 467* 471, 524-529 
communicating* 471, 527-529 
meningitis* 528-529 
subarachnoid hemorrhage, 528 
ex vacuo* 472* 527 
in the elderly, 527 
nimcommuiucating* 471.524-527 
Amold-Ghiari niaIfonnation. 
526-527 

congenital aqueduct of Sylvius 
stenosis* 526 

l la 11 dy-Wa 1 kcr u i a lion na t ion * 
524-525 

normal pressure. 4”2, 528-529 
pseudo tumor cerebri, 472 
I fydrochloric acid secretion, 
mechanism of, 209 
Hydrochlorothiazide (HCTZ), 724, 
725-726 

1 iydmcndoue* 569-570 
1 lydrops fetalis, 314 

I lydromorphoTie, 569-570 
Hydronephrosis* 714 

II ydro ureter. 714 

1 1 (^hydroxylase deficiency, I 57 
1 [ydroxyprogestcroiit 1 , 821 
5-1 lulroxytryptamiuc {scrotum nh 
564-565 
synthesis of, 564 


Hyperaldosteroxmm* 52, 173-174*726 
Hyperbilirubinemias, hereditary* 255 
direct (conjugated), hereditary causes 
of* 255 ' 

Oubin-Jolii(son f s syndrome, 255 
Rotor's syndrome, 255 
indirect uu (conjugated hereditary 
causes of* 256-257 
Crigier-Najfar s suidronie* 256-257 
Gilbert's syndrome, 256 
Hypercalcemia* 81* 149.146* 197* 
721-722* 726,715 
I iypcrealcimia* 81 
I lypereapiua* 868, 899 
Ilypercoagulable state, 103 
Hyperglycemia* 81* 167, 724, 726 
I lyperkalcmia* 715* 720* 724* 715 
Hyperlipidemia* H6, 81, 94* 696, "T24, 
726 

lipid-lowering agents, 94 
Hypernatremia, 718-719* 724, 715 
1 hpcrparaltiyroidism, 149, 414, "*21 
primary, 149*721 
Hyperpituitarism* 161 
1 lypesenstlivity pneumonitis* 902 
1 lypersoiimia, 631 
Hypertension, 41-45, 99, 102, 7H. 

715* 721*711 
benign nephrosclerosis* 99 
disorders in pregnancy, 811-812* 
826-827 

eclampsia* 812* 827 
gestational hypertension, 812* 827 
precclumpsia* 811* S27 
prccclampsiu superimposed on 
chronic hypertension, 812 
diuretic use in, 721 
hypertensive vascular disease. 99 
malignant* 45* 99. 711 
primary (essential), 41-44* 99 
pulmonary, 9, 872* 877.886-887* 901 
chrome, 67 

iti chronic renal failure. 714, 71 5 
renovascular. 100-101 
fibroin usetdar dysplasia, 101 
renin-angiotensin system, lol 
secondar\ . 44-45, 99 
I lyperl liyn hd ism * 44, 116-118* 
175-176.721 

I typertrophie osteoarthropathy. 146 
Hyperuricemia, Hi, ^24, ^25* 726 
I fyperviscosity syndrome, 115 
HvpoaJbimlinemia* 260, 696 





I lypocalcemia. 150,722,724, 755 
I lypoehforhvdria. 280 
] lypudiondriasis, 617. 64l 
Hypoglycemia, 160, 171-172 
drugs, oral, 171-172 
aearbose, I “2 
metformin, 171-172 
repagllnidc. 172 
siilFonyl ureas, 171 
t (i iazol k I i nc d io 11 , 172 
I lyjHtktilcxniu. 85,720-72L 724,726, 
755 

I lypnuiagtiesetina, 414, “22-725,724, 
725, 755 
1 lypomania. 659 

I fypniiatremia, 719. 724, 726, 755 
l lypopara thyroidism. primary, 149-150 
I lypnpho.sphatasia, 414 
I lypnpitiiitarism, clinical findings with. 
126 

I typospadias, 740, 824 
1 Upothalamm and pituitiirv* 112-150, 
205,485-488 

anterior pituitary disease, 124-126 
acromegaly, 125 
gigantism, 125 

panhypopituitarism. 125-126 
prolactinoma, 124-125 
diseases of t 487-488 
hormone basics. 112-115 
peptide hormones, 114-115 
plasma transport nf lipid-soluble 
Imrmmies, 114 
site of action. 112-115 
types. In median ism of actum, 

115-114 

hypothalamic nuclei, 486 
major functions oh 487 
lu polhalamic-piliiihm axis, 115-124 
hypothalamus, 115-116 
pituitary, 116-117 
pihntary71i)pothalainic 
pharmacology, 129-1511 
desmopressin, 150 
dopamine agonists, 129 
Icuptnlide. 129 
octreotide, 129 
oxytocin, 150 

posterior pituitary disease. 126-128 
diabetes insipidus {HI), 126-128 
m ndrome of inappropriate 
secretion of autidiurctic 
hormone (SIADH), 128 


Hypothyroidism, 50,157, 158, 
149-140,175 
common causes of, 176 
drugs for, 159-140 
I lypovenhlation. 866 
Hy poxemia. 865-867,885, 886, 699 
chronic, 886 
etiology , 866 
Hypoxia, 865 

I 

icterus (jauiidicc), 219, 255 
111 iderlyi ng etiologies, 2 54 
Idiopathic thrombocytopenic purpura 
(im75, 519, 520, 551 
IgA nephropathy (Berger’s disease), 
706-707,751 
illusion, 647 
[matinib, 542 
linipramiue. 572 

lmumble cilia syndrome (Kartagcncrs 
syndrome), 851,875 
lndoinethacin, 6, 8 
Inferior vena .cava syndrome, 104 
Inferior vena cava (I VC) venous 
system, 195-196 

Inflammatory bowel disease (IBO), 
284-285,289 

Inflammatory carcinoma (breast). 818, 
856 

Infliximab, 278,458 
Inguinal canal, 190 
boundaries of, 190 
Inguinal groove, 188 
Insomnia, 65 i 

Insulin, 161-166* 170-171, 178 
biosynthesis, 165 
receptor activation, 164-166 
secretion, 161-164 
types of, 171 

Insulinoma, 169-170. 180. 290 
Intercalated disks, 20 
[utcrferon-alla, >42 
Interleukin*!, 142-545 
Intenmdcar ophthalmoplegia 

(medial longitudinal fasciculus 
syndrome), 557-559 
Interscalene triangle, 566 
Inter tubercular plane, 188 
Interventricular septum, 5-4 
Intestinal lymphangiectasia. 259 
Intestinal mahotntimi, 185.281 


1 n I raccrebra!/pa renchvmal 
hemorrhage, 469 
Intracranial hemorrhage, 551. 
552-515, 592 
CT scam of. 514 
epidural, 512, 592 
parenchymal, 555 
subarachnoid, 512, 591 
subdural, 552, 592 
Intracranial pathology, findings 
suggestive of, 587 
Intracranial trauma, 592-595 
concussion, 592 
contusions, 595 
diffuse axonal injury. 592 
Intraductal papilloma of breast, SI6, 
855 

Ini r;ive 11 m I s [>\ e 1 1 )gra m (IV P), 6 54 
Intussusception, 242-244, 281 
Inufin, 671 
Invasive mole, 826 
Iodine. 140 

I pra Imp in 111 . 860, 896. 89” 
Irbmrtan, 727 
Innotccan, 540 
Islel cell tumors, 170, 180, 290 
Isocarboxazid, 571 
Isoflurativ, 585 
Isomazid. 894 
Isoproterenol, 895. 897 

J 

JAK/STAT mechanism, 1 
juneway’s lesions, 49, 106 
Jaundice (icterusi, 219, 255,291 
underlying etiologies, 254 
JC virus, 542. 541,559 
Joints, 380-582 

major joints and common injuries, 
581-182 
ankle. 182 
elbow, 181 
hip.581 
knee, 18!-582 
shoulder, 581 
vertebra, 181 
wrist, 181 
types of. 180-581 
cartilaginous, 180 
fibrous, 581 
synovial, ISO 
Jones criteria. 56, 57 










Jugular venous distention, 28, 5 l 
Juxtaglomerular apparatus, 661-662 
extragloruemlar mesangial cells, 662 
juxtaglomerular cells, 662 
macula densa* 662 

K 

KaSlikrdn, 859 
Kail man's syndrome. 516 
Kaposi's sarcoma, 48 
Karlagcuer's syndrome (iinmnlile cilia 
syndrome), 851,875,901 
Kawasaki's disease, 74.444-436. 455 
K.nser-fleischcr rings. 264, 294, 444 
Keratoconjunctivitis sicca, 222 
Kern icterus, 290, 414 
Kef nigs sign, 470,560 
Ketamine, 586 
Kctaconozolc, 822 
Kiduev, 651-736, See aim Renal 
system 

a c i d-bd w home osta s i s, 6 8 8-689 
disease, autoimmune, 746 
Goodpasture's syndrome, 746 
Wegener 8 nephritis, 746 
disease, cystic, 742-744 
autosomal dominant polycystic 
kidney disease lADPC :KD), 
742-743 

autosomal recessive (childhood) 
polycystic kid lies disease 
(ARPCKD), 744 

d fa I vsi s-assoc i a tec l act pi i red e \ si s, 
742 

simple cysts, 742 
endocrine functions, 682 
erythropoietin, 682 
prostaglandins, 682 
vitamin D. 682 
hormones acting on, 682-686 
aldosterone. 685 
aulidiurelic lionmme (ADM), 
685-686 

atrial natriuretic factor (ANK), 

684 

parathyroid hormone (PTH J, 684 
renh Fangio tens ii v aldosterone 
system, 684-685 
summary of. 684 
horseshoe, 6 5 4-654 
pelvic, 655 

stones, common types of, 7f)9 


vascular diseases and, 733 
benign nephrosclerosis, 744 
malignant hypertension, “45 
KimmelstkdAVilson lesions, III 
Kiuimclstiel-Wilson syndrome, 167. 

701 

Khlskin's tumor, 2% 

Klebsiella* 741 
Klebsiella %rarutlomatis. S3” 

Klebsiella pneumoniae, 890, 892,904 
Klinefelter's syndrome, 748, ‘80,825 
KlippcLKcil syndrome, 464 
Klumpkc's palsy (thoracic millet 
syndrome), 554 

Kluver-Rucy syndrome. 480-481,590 
Knee, 581-582 
Korsakoff s psychosis. 599 
Korsakoff s syndrome, 626 
Krabbc's disease, 544, 599 
knikeuberg's tumor, 234, 235, 284, 80S 
Knru. 597-598 
Kmsmanfs respiration, 864 
Kim maul's sign, "1 
Kwashiorkor. 214 
Kyphoscoliosis. 876 

L 

lriida.se deficiency, 212 
I * k lose in to I e m uce, 2 8 7 
Lacunar infarcts, 551, 544, 556 
Ladd's procedure, 185 
Lambert-La ton syndrome, 521 
I mnellar hudies. 851 
Lamotrigme, 580 

Langeilum’cell histiocytosis, 556, 

357 

Li place *s law, 859 

Large intestine, 202-204, 246-245. See 
also Colon 

diverticular disease, 24S 
diverticulitis, 241-242 
diverticulosis, 240-241 
gallbladder, 204 

Hirschsprung's disease (congenital 
niegacolon), 243 
intussusception, 242-244 
liver, 202-204 
histologic and functional 
liaructeristies, 204-204 
malabsorption syndromes, 236-238 
celiac sprue (gluten-sensitive 
enteropathy). 236-237 


disaecharidase deficiency, 258 
Whipple's disease, 238 
Meckel's diverticulnm. 219-240 
Laryngitis, 906 
1 jjrytix 

benign tumors, 906 
carcinoma nt, 557, 906 
development of, 840-841 
Literal inferior pontine syndrome. 496 
Lateral i nedtll fan A\ a 1 Ic 11 berg \f 
pOS tenor in fe ri or cc rcl ie I la r 
artery syndrome, 497 
Legg-On he-Perl lies disease, 379 
Legionella, 891 
\x%ionelfa pneumophila, 9114 
Leiomyoma, 799-SCK), 830 
Leiomyosarcoma. 801, 830 
Lens dislocation. 55S 
1 .cplin. 205 

I xplomeuingeal carcinomatosis, 593 
Leptospirosis, 559 
Le.ser-'J rel.it sign. 233 
1 xirozolc, 341 

Lett crer-S iwe d iseat, 336. 357 
I xaikemia 

acute lymphoblastic (ALL), 327-429, 
554 

acute myelogenous 1 \ML|, 351^532, 
354, 556 
adult T-cell, 555 

chronic lymphocytic KILL), 329, 
331, 353, 356 

chronic myelogenous (CMI/), 555, 
556 

hairv cell. '55 
I .eukocyfcwis, 423 
LeuktidysI ropl*y, 599-61 it t 
metabolic disturbances, 599-600 
central pontine myelmolysrs, 600 
hepatic encephalopathy, 600 
Korsakoff's psychosis, 599 
spinal curd, subacute combined 
degeneration of, 599-600 
VVemicke-Knrsakoil svudrome, 599 
Wernicke's encephalopathy, 599 
types of, 599 

adrcnoleukodyslropln, 599 
globoid 1 Krabbe's disease), 599 
inetaehromalic, 599 
1 .eukoen thruhlaslnsis £ myelophthisic}* 
317-318 

Leukopenia, 322-323 
Leukoplakia, 220. 222 





Lciikotrienc blockers, 874 
Lcuprolide, 129, 141-342, S19-820 
Levodopa, 581 
Leva thyroxine. 140 
1 xydigs culls, 761 , 7SH, 8>2 
tumor, 788, 812 

I jbman-Sacks endocarditis, 49, 106, 
421,422,446 
Lichen planus, 220, 451 
I .hubs 
lower, >76 
fractures of, 179 
muscles of, >86-188 
upper, 175 
fractures of, 178-179 
i nusc! es of, 185 -186 
Linea alba, 188 
Line# nigra, 774 
Linea semilunaris, 1S8 
Linilis plastic# (leather bottle stomach), 
284 

Lipase, 276 

Lipid-lowering agents, 94 
I apotropin (LPH), 170 
Lisleria mouovytageim, 559 
Lithium, 576 
1 .ittre's gawk 657 

Liver, 202-204,217-219,292-291. See 
also hepatobiliary' system 
abscess, 291 
bile, 219 

bilirubin, 217-219 
disease, alcoholic, 292-293 
histologic and functional 
characteristics, 201-204 
nonalcoholic fatty liver (NAKL), 

291 

nonalcoholic sleatohepalitis 
(NASH). 291 
“nutmeg/' 260 
overview- of, 217 
tumors, 265-268 
benign, 265 
malignant, 266-267 
Lobular carcinoma in situ (LOS). 818. 
S>6 

" Loc ked-in" syndrome, 49 5 
Locfflcr’s endonivocardilis, 51, 52 
Loop of Heule, 657,660, 679 
Loratadine, 898 
Luraftepam, 569 
lordosis, 175 
l josartan, 


Lon Gehrig's disease. See Amyotrophic 
lateral sclerosis (ALS) 

Lower extremity nerve injury, 552 
Lower limb muscles, 186-188 
gluteal muscles, 186-187 
nerve damage affecting, 188 
thigh/leg muscles, 187-188 
Luug-chesl wall system, compliance 
of. 856 

Lungs, 842-841, 846-848. Sec tiko 
Respiratory system 
anatomy of right and left, 847 
blood supply oh 846-847 
cancer, 887-889, 905-906 
bronchial carcinoma, 906 
mesothelioma, malignant, 906 
non-si nail cell, 906 
small cell, 905 
development of, 842-841 
alveolar period (premilal- 
chihlhood), 841 

canalicular period (weeks 16-26). 
842 

pseudoglandular period (weeks 
5-16), 842 

terminal sac period (week 
26-lrirth), 841 

infections of 889-895.904,905 
fungal, 894, 895, 905 
pneumonia, 889-892.905-906 
tuberculosis, 891-895,904 
interstitial lung diseases, 877-881, 
902 

acute lung injury (ALL, 902 
acute respiratory distress syndrome 
(ARDS), 877-878,902 
CapLtids syndrome, 902 
11 vt mala] resj) i ra ton'd is t res$ 
syndrome, 878-!879 
pnei t me>c oi i i os i s, 879-881 
t )bst n i c tive l u ug d i sea ses. 869-876, 
900-901 

asthma, 872-874, 900 
bronchiectasis, 874-876,901 
bronchitis, chronic, 871-872, 

901 

emphysema, 869-87 [. 901 
pneumothorax, spontaneous. 

S7I 

pleura, 847-848 
pulmonary vascular diseases, 

885-887 

pulmonary embolism, 885-886 
pulmonary hypertension* SS6-887 


restrictive lung diseases, 876-884, 
902 

ext rapid monary restrictive disease. 
876-877 

Goodpasture's syndrome, 881,902 
pneumonia, chronic eosinophilic, 
884 

pulmonary fibrosis, idiopathic, 
882-881,902 
sarcoidosis. 881 -882.902 
Wegeners granulomatosis, 

881-884,902 

volumes and capacities, 851 
acid-base disturbances, 862-864 
airways, 860 
alveoib 859-860 
anatomic dead space. 854 
carbon dioxide transport. 862 
hypercapnia, 868 
hypoxemia, 865-867 
lung compliance, 856 
measurement of lung volumes. 
851-854 

oxygen transport, 860-861 
physiologic dead space (total dead 
space), 854-855 

pulmonary circulation, S64-S65 
respiration, control of, 868 
respiration, muscles of, 855-856 
respiratory cycle, mechanics of 
breathing during, 856-859 
ventilation rate, 855 
Lupus nephritis, 702 
Lupus pernio, 902 

Lutcmi/.mghormone ti ll). 121.180, 
810 

l a me disease, 48, 5U 
Lymphadenitis, 121 
Lymphatic disease, 104 
lymphangitis, 104 
lymphedema. 104 
Lymphogranuloma venereum, 791, 
s 17 

Lysergic acid diethylamide (LSD), 
628-629,644 

M 

Macula duusa, 662 
Macular degeneration. 558 
j\ laffueci s m i idmmc, 451 
Major depressive disorder. 6116, 607, 
618 




Malabsorption syndromes, 236-238* 
239, 287 

celiac sprue (gluten-sensitive 
enteropathy), 236-237, 28" 
disaccharidase deficiency, 2 >8 
lactase intolerance. 287 
overview of, 239 
Whipple s disease, 2 38, 287 
Malingering, 6I5M519*642 
Mallory-Weiss tear, 282, 2S8 
Mania, 638 
Mannitol, 724-723 
Mantle cell lymphoma, 333, 336 
Maprotiliiie, >74 
Marasmus, 214 

Marcus Gunn pupil, >14, >57, 558 
Marfan* syndrome, 55, 102, 361. 

558 

Marijuana, 629-630,644 
Mastitis, acute, 817,834 
May-White syndrome, >45 
\it Burneys point, 188. 200, 251.286 
McCuneAl bright syndrome, 411,446* 
551 

Measles, 559 

Meckel's diverticulum, 184, 238. 

239-240, 242, 281 
Medial longitudinal fasciculus 
syndrome (mtemudear 
uphthalmoplegia j, 5 5 7 - 5 59 
Medial medullary syndronrc, 495 
Medullary respiratory center. 868 
Medulloblastoma, 548, >94 
Meissners plexus, 199. 207, 281 
Melanoma, malignant. 222, 4>2, 794 
Mclcna, 280 

Melanocyte-stimulating lion none 
(MSH), 570 
Memantine, 58! 

M cm bran apn ilife ra t i ve 

glonicrii!onepliritis. 699-700, 
730 

Membranous glm nemlopathy, 
698-699,730 

MEN I syndrome (WcrmeEs 
syndrome), 161, 175 
.MEN 2 syndrome (Sipple's syndrome). 

r> 

MEN 3 syml rotne, 1 ” 5 
iVlciiarche, 762 
Meuclrier's disease* 2>2 
Meninges, 468-471 
carets inmate us meningitis, 471 
epidural hemorrhage, 470 


meningioma, 470 
meningitis, 470 

cerebrospinal fluid characteristics 
of, 471 

pathology of, 469 
subarachnoid hemorrhage (SA11), 
470 

subdural Hemorrhage, 470 
Meningioma. 547, 548, 593 
Meningitis* 470, >28-529, >>9->G0 r 
596-597 

Meningocele, 462, 523. >87-588 
cranial, 587 
variations of, 462. >23 
meningoencephalocele, 462 
mcuingohydrociiccphaloccle.462 
meningomyelocele. 462, 523, 526, 
587-588 

Menopause, 779-780 
Menstrual cycle and ovulation, 
762-766 

endometrial and hormonal changes 
in, 765 

Mental retardation, 637, 647 
Meperidine. 569-570 
6-Mercaptopiiriiie (6-MP), 339-340 
Meromdia, 367 
Mesenteric ischemia, 288 
Mesentery, J93 

Mesothelioma, malignant, 906 
Metabolic acidosis, 689, 715,724, 725, 
863 

causes of, 863 
byperelihjrcmie, 724, "2> 

Metabolic alkalosis* 689. 724, "25, 726* 
863-864 
causes of, 863 
hyperchloremic, 724 
hypochloremic, 726 
hypokalemic, 725 
Metabolic sy ndrome, 45 h 100 
Mctulmlisni, 263-26 5,293-294, 
394-396 

allosteric regulation, 395 
exercise, 395-396 
glucose, 394 
glycogen, 394-395 
inborn errors of. 26>-26> t 293-294 
ft]-antitrypsin deficiency (AVI ), 
294 

hemochromatosis, 263-264, 293 
Wilson’s disease (hepatolenticular 
degeneration), 264-265, 293 


insulin regulation* >95 
lipid and protein. 395 
Metalloproteinase* 899 
Metformin* 1“ 1-172 
Mdhavhnline. <S~> 

Methadone* 569-570 
Mdbemogtobiucmra. 860 
Methotrexate, 339 
MetuWone, 725-726 
Microcephaly, 362,46" 

Midazolam. 569, 586 
Mulbrnm* 490-492 
lesions of, >54 
Midgut volvulus* 185 
Mifepristone {RU-486}. 771,820 
Migratory venous thrombosis* 346 
Mikulicz's syndrome. 449 
Mdk^alkali syndrome, 72! 
Mincralocnrlicoids, ) >6~J >7* 685 
aldosterone* actions of, 157 
escape, 68> 

synthesis and regulation, 1 56-15" 
Minima! change disease, 696-697. 

730 

Minoxidil 88 
Misoprostol, 278 
Mirtazapinc, 573-574 
Mitral regurgitation (MR), 15,5", 58, 
65* 108 

Mitral stenosis* 57, 62-63, 65. 108 
Mitral valve prolapse (MVP). 51, 61. 

65,106,108 
Mivaeurium, 566 
Mixed connective (issue disease, 
426-427 

MLF syndrome, 492, >08,542, >43, 
558 

clinical exam for, >58 
Monckeberg medial calcific sclerosis* 
102 

Monoamine oxidase inhibitors 

(MAOls), 571-572, 583-584 
Mimodoiuil gammopathy of uncertain 
significance (MG US), 336. 356 
Mononucleosis, infectious* 323 
Montclukiist, 89” 

\ I f Kid d is o rt I e rs, 606-61t" 
bipolar I/lI disorder, 607 
cyclothymic disorder, 607 
depressive episode, 606 
dysthymic disorcIcr, 6( 17 
major depressive disorder, 606, 607 
seasonal affective disorder. 607 




Mood stabilizers, 576 
lithium. 576 

Momxella catarrhal is. 91)4 
Morphine, 569-570, 586 
Mosaicism, 78 i 

Motor ueurmi It s inns, 558, 549, 5 s 7 
annulropliic lateral sclerosis (AI.S), 

' 558 

comparison of upper and lower, 549 
loner, 557 
poliomyelitis, 558 
upper, 557 

signs to cl ill cron Mate upper and 
lower, 587 

Werdiiig-HalTnmn disease. 558 
Mob'lin, 215 

Month, 205-206,219-225 
and jaw, 219-221 
most common pathologies 
affecting, 222 
saliva, composition of, 266 
salivary secretions, 205-206 
swallowing (deglutition), 206 
Mucormycosis, 559 
Mullerian agenesis, 791 
Mullcnnii*iiihihi(ing factor (MIK), 759 
Multi-infarct (vascular) dcinenlia, 559 
Multiple myeloma, 554-555,556 
Multiple polyposis sy ndromes, 247-249 
familial adenomatous polyposis 
(FAP), 247-248 
Gardners syndrome, 248 
hereditary nonpolyposis colorectal 
cancer ilINPCC), 248-249 
Peulz-Jeghcis' syndrome, 249 
1 'llrent's syndrome, 248 
Multiple sclerosis (MS), 492. 508, 509. 
518, 558, 542, 545, 590-591 
Charcots triad of. 492. 508. 552 
primary ehtmicl eristics of. 542 
Mumps, 225 

Munchausen syndrome, 618 
Munchausen syndrome by proxy, 618 
Murphy's sign. 276 

Muscular system, 568-570,382-596, 
414-456 

anatomy, 582-588 
important muscles, 585^588 
muscle, types of, 582-585. 

589-594 

cardiac muscle, 569. 3 S3 
congenital malformations, 

569-576 


pathology, 597-456 
skeletal muscle, 568, 382, 589-39J 
diaphragm, development of, 369 
excitation-contraction cooping, 
589-391 

head and neck, muscular 
development of, 368 
limbs, muscular development of, 
369 

overview, 389 

trunk, muscular development of, 

m 

smooth muscle, 369,3S3, 391-394 
eve i I a I ion-con I rac tion eouping, 
392-594 
overview* 391 

Musculoskeletal and connective tissue 
systems, 366-457 
anatomy, 371-388 
joints, 380-382 
muscular system, >82-388 
skeletal system. 37]-379 
embryology, 360-376 
muscular system, 368-370 
skeletal system, 360-368 
pathology , 397-436 
benign musculoskeletal disease, 
461-414 

connective tissue disorders and 
vaseulilides, 414 
skeletal oncology, 397-401 
pharmacology, 456-442 
bone, drugs used to treat disorders 
of. 436-438 

gout, drugs used to treat. 439-446 
lupus, drugs used to treat, 440 
pain, drugs used In treat* 440-442 
physiology, >89-396 
laboratory values, important, >96 
11 * ehibol ism, 394-396 
muscle types, 389 
rapid review. 442-457 

Myasthenia gravis, 346, 520-521,876 

\ Iycobacterii i i n trninn , 238 

Xhx'ohactcriwn tuberculosis, 559, 893 r 
964 

Xhcoplmnut pneumoniae. 544. 896, 
903 

Mycosis fiingoklcs. 326, 33U. 555 

Mvclofibrosis with myeloid metaplasia, 
335-334 

Myclophlhisis, 597 

Mvocardial contraction and relaxation. 
j (-22 


Myocardial infarction* 13,76-79, 105 
cardiac enzyme changes with, 77 
evolution of, 78 

gross and microscopic changes to the 
heart in, 77 

noihS I -elevation (NSTKMIJ. 7* 

S4 -elevation (STKM1), 77 
Myocarditis, 48,57, 106,421 
Myocardium, 11 
Myxedema coma. 138 

N 

N-nictliyl-D-aspartate (NMDA), 
581-582 

Xaeglerid fowleri, 559 
Narcolepsy. 630, 631 
Nasopharyngeal carcinoma, 357. 966 
Necrotiziiig papil I ilis/papi11 arv necrosis, 
732 

Ncdocrontil, 896-897 
Xefa/odone. 575-574 
Neisserin gomrrhoeae, 782, "S3. “84, 
795. 836. 837 
Neisseria meningitidis, 559 
Neonatal respiratory distress syndrome, 

859 , 878-879 

Neostigmine, 567 

Nephritic syndrome, 763-768,730-731 
anti-gloiricrular basement membrane 
disease, 705-706 
glomerulonephritis, 703-765 
acute proliferative 
(pc >slsl re i >t< >c occul/in fee turns), 
765-764. 730 

hereditary nephritis (Alport's 
syndrome). 707-768* 731 
IgA nephropathy (Berger's 
disease). 706-767, 731 
rapidly progressive (crescentic 
KI’GN), 764-765,736-731 
Wegeners granulomatosis, “08 
Nephritis, cl rug-induced interstitial, “52 
Nephroblastoma (Wilms' tumor), 718, 
735-736 

Nephron, 657-661,678-682 
physiology, 678-682 
countercurrent exchanger, 681-682 
countercurrent multiplier system* 
681 

renal corpuscle, 658 
Bowmans capsule, 658-659 
glomerulus, 658, 6"8 
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tubular system, 659-661, 678-682 
collecting ducts, 660 
collecting tubules, 660 
cortical and juxla medullary 
nephrons, 660-661 
distal convoluted tubule, 660, 670, 
680 

loop of Horde, 660, 670 
proximal convoluted tubule 
(PCT), 660,678-670 
Nephropathies associaled with systemic 
disorders, 700-702 
diabetic nephropathy, 700-701 
time course of development of, 71)0 
lupus nepfiritis, "02 
renal amyloidosis, 701-702 
Nephropathy, chronic reflux, 732 
Nephrosclerosis, benign, 99,73 3 
Nephrotic syndrome, 695—700, 730 
focal segmental glomernloselerosis 
(FSGS), 698,730 
mem branop ru I i fera ti vc 

glo iti enlionephriI is, 699—700, 
730 

mo libra noils glomcnilnj >at! iv . 
698-699, 730 

in in in ml change disease, 696-697, 
73U 

N eph to toxic drugs, 727-728 
Nervous system, cells of, 517-518 
neuroglia, 518 
neurons, 517-5IS 

Nervous system development, -f60-46 3 
gasl rotation, 460 
ueunttation* 460 
neural lube, cross-section of, 462 
neural tube defects, 461 
spina bifida, variations of, 461-462 
Neural crest cells, 4 
Neural crest derivatives, 463 
and corresponding defects, 463 
Neural lube defects, 461.522,523,587 
comparison of, 523 
Ncmoacanthocytosis. 536 
Neuroblastoma, 152, 174-175 
Near ocyx lice rc os is, 545 
NcurodegenCmltvc disease, treatments 
for, 581-584 

Alzheimer's disease, drugs used Lo 
treat. 581 

catCchnl-O-met hyltiamfcnfee 
inhibitors, 584 

monoamine oxidase Inhibitors 
(MAOIs), 583-584 


N-mclhyhD-aspartate, 5S1-S82 
Parkinson's disease, drugs used to 
I rent, 582-583 
Ncm ofibroi mitosis, 54 7 
Neuro hypophysis. 117 
Neprokplies, 574-575 
aulipsveholics, 574-5“ 5 
fust-generation. 5 “4-5” 5 
secoi id-gc 11 eration, 5 7 5 
Neurology, 459-600 
embryology, 460—51 ~ 
brain development, 464-482 
brainstem, 490-496 
cerebellum, 488 
cranial nerves, 596-511 
deep brain structures, 482-488 
nervous system development, 
460-463 

nellmtransnlitters* 496, 497 
sensory pathways, 511-517 
spinal cord. 497-506 
Imlologv, 5 P-522 
i ntercclhi tar coi 111 nnmea I ion, 
518-522 

nervous system, cells of, 517-518 
pathology. >22-561 
aphasias, 536,537 
brain lesions, primary, 546-547, 
>48-549 

central nervous system infections, 
559-560 

cerebral contusion. 546 
cerebral edema, 546 
cerebrovascular disorders, 529-535 
cranial nerve palsy, 555-559 
degenerative diseases, 536-538 
demyelinating diseases, 538-545 
dyskinesias, 535-536 
herniation syndromes, 560-561 
hyd n Kcphalm, conn i mu tea ti rig, 
>27-529 
hydrocephalus, 
i to *ico 111 r n u n ica ting, 5 24- 527 
neural lube defects, 522 
peripheral neuropathy, 554-555 
seizures, 545 

spinal cord lesions, 547. 5511-554 
ventricular system malformations, 
>22-524 ' 

pharmacology, >61-586 
anesthetics and analgesics, 
clinical, 584-586 
antidepressants, 570-574 


anxiolytics and hypnotics, 568-570 
autonomic drugs. 565-56" 
central nervous system 

11 l j i rol rammitters, 5fs 1 -565 
mood stabilizers and 
anticonvulsants, 576-581 
n e u rod ege 11 c 0 1 1 i ve d i sea s e, 
treatments for, 581-584 
neuroleptics, >"4-575 
overview, 561 
rapid review. 586-600 
Neuromuscular blocking agents, 565 
Neuromuscular junction ( NMJ), 
519-521 

diseases of, 520-521 
Neurol ransmitters, 496,497 
central nervous system, 561-565 
acetylcholine, 562 
dopamine, 562 

y-ammobutyrie acid (GABA), 362 
glutamate, 563 
glycine. 563 
histamine, 564 
norepinephrine. 564 
serotonin i >-hydro\Ttr\ptannuc), 
564-565 

Neuromuscular disease, 876. S77 

Ncinutation. 460 

Nicotine, 628. 644 

Niglil terrors. 632 

Nightmares, 632 

Nisscii Fiiudoplication, 227 

Nitrates, 91 

NI trie oxidc rc I ca s e rs, 8 8 
Noclmual myoclonus. 653 
Nonalcoholic fatly liver i VAKLj, 293 
Nonalcoholic stcatohcpalitix [\ \S! 1 1 , 
293 

Nondepolarizing agents, 566 
Non-Hodgkin's lymphoma, 525-326, 
328,353-354 

histologic types of and their 
characteristics, 328 
Nonsteroidal aiiii-mfhimmalory drugs 
(•NSAIDs), 441 
Norepinephrine, 564 
synthesis of, 563 
NorcUmteronc. 821 
Normal pressure hydrocephalus, 472, 
528-529 
Norplant, ""5 
Nortript) line, 572 
Norwalk vims, 246, 287 
Nuclear imaging, cardiovascular. 80 
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Nucleus pulposus, herniation of, 377 
"Nutmeg" liver, 53 

o 

Obesity-hypoventilation syndrome, H76 
Obsessive-compulsive disorder (C)CD), 
608, fll Ml 3 

( >1 >scssi ve-compulsi ve pcrsona t i ty 
disorder (OCPD), 608, 640 
Octreotide, 129 
Olanzapine, 57^ 

Olfactory cells. 85] 

Olfactory system* 516 
olfactory pathway, 516 
Oligodendroglioma, 548, 595 
Oligohydramnios. 811, 845 
Olivopontocerebellar atrophy. 541 
Ollier's disease. 455 
Omalimuuib, H74 
Omphalocele, 184, 281 
Oncogenes. 345 
Oncogenic viruses, 345, 346 
Oncology. See Hematology and 
oncology 

Ondansetron, 279 
Onycholysis, 456 
Oogenesis, 761-762,763 
Opiates, 628 

Opioids, 440-441,569-57(1,586, 644 
Oppositional defiant disorder, 635, 646 
Optic chiasm, 513 
Optic neuritis, 558 

Oral contraceptives, combined pills, 820 
Orchitis. 784, 824 
Ortolan is test, 368 
Osier's unties, 49,106 
Qslcr-Weber-Remlu syndrome, 319 
Os tei I is defo n i ui ns (Paget's d iseasc j, 44 5 
Osteitis fibrosa cystica, 149,41 \ 
Osteoarthritis, 401,405,443-444 
Osteochondroma, 397, 453 
Osteogenesis, 360 
congenital malformations, 360-361 
development. 360 

Osteogenesis imperfecta (Of), 360, 443 
Osteoma, 452 
osteoid, 452-455 
Osteomalacia, 14”, 410-411. 443 
< Mcomyelilis, 406-407,456 
acute, 456 
chronic, 456 
pyogenic, 456 


Osteopetrosis, 410,443 
Osteoporosis, 407-410, 444-44 5 
Osteosarcoma, 398-399,453 
Ostium prtinum, 2 
Ostium secundum, 2 
Ova. 757 

Ovarian diseases, 801-808, 830-832 
chocolate cysts, 797, 83 ] 
corpus lutcum cyst, 803, 830 
follicular cyst, S03, 830 
neoplasms. 803-808.831-832 
Brenner carcinoma, 807. 832 
borderline epithelial tumor, 807 
choriocarcinoma, 805 
clear cell carcinoma, SU 8 
dysgcmiiuoma, 804 
embryonal carcinoma, 805 
endodemial sinus tumor, 804 
endoinelrioid carcinoma, 808,832 
epithelial cell tumors, 806-807 
germ cell tumors, 803-804 
granulosa cell tumors, 808 
metastatic tumors, 808 
mucinous, 807, 831 
serous, 807, 831 
SertolM *ey dig's cell tumor. 808 
sex eordAtround cell Illinois, 808 
struma ovarii, 832 
teratoma, 805-806, S31-832 
polycystic ovarian syndrome 

'(POOS), B01-805, 830 
theca lutein cyst, 803, 830 
Ovarian hypoplasia. 750 
Ovaries, development of, 746 
Ovulation, menstrual cycle and, 

762-766 
Oxazepam, 569 
Oxycodrme, 569-570 
Oxygen transport, 860-861 
hemoglobin, 860-861 
uxygendicmuglobm dissociation 
curve, 861 

Oxymor phone, 569-570 
Oxytocin, 121 , 130, 180,822 
effects and regulation, 122 

P 

Pactitaxed, 341 

Paget's disease (osteitis deformans), 445 
Paget's disease of the nipple, 835 
Pain, drugs used to treat, 440-442 
aspirin, 441 


eve I ooxygei \ a se -2 i n I tib i I or $ } 441 -442 
nonsteroidal anti-inflammatory drugs 
(NSAlDs L 441 
opioids, 440-441 
Pain disorder, 617-618 
Pan coast's tumor, 905 
Pancreas, 113. 161-172,216-217, 
270-273 

anatomy, 161-162 
embryology, 162 
endocrine, disorders of, 167-170 
diabetes mdlitiis, 167-169 
insulinoma, 169-170 
exocrine, 113,216-217, 270-273 
enzymes, 216-217 
hormones and peptides, 216 
pancreatic adenocarcinoma, 
272-273 

pancreatitis, 216,270-272 
histology, 162-163 
insulin, 163-166 
biosynthesis. 163 
receptor a diva lion, 164-1 (16 
secretion, 163-164 

Pancreatic adenocarcinoma, 272-273, 
289-290 

Pancreatic polypeptide, 215 
Pancreatitis, 150,216, 270-272, 289 
acute, 150, 270-271,289 
chronic, 271-272, 289 
Pancuronium. 566 
Panhypopituitarism, 125-126 
Panic disorder with or without 
agoraphobia. 611 

Papanicolaou screening (Pap smear), 
829 

Papez circuit, 481 
Papilledema, 513 

Paraneoplastic syndromes, 345, 346, 

899 

Parasomnias. 630,632 
key characteristics of, 632 
Parathyroid gland, 141-144 
anatomy. 141, 142 
embryology, 141, 143 
histology, 143-144 

Parathyroid hormone (FI H), 144-146. 

177.408,437,683 
Parinauds syndrome, 492, 554, 556 
Parkinsonism, 588 

Parkinson's disease, 482, 497, 537, 538, 
540, 562,645 

drugs used to treat. 582-584 








Paroxetine, 571 

Paroxysmal nocturnal hemoglobinuria, 
312 

Pnrnxysma I supnivenliieular 
' tachycardia (FSVT), 41 
Partial thromboplastin time, 321, 350 
Palau's syndrome (Trisomy 13), 567, 
468 

Patent ductus arteriosus (PDA), 6, 8, 

59, 64,107* 108 

Patent foramen ovale (PFO), 68 
Pelvic kidney, 655 
Pelvic inflammatory disease (PID), 
795,856 

Pelvis 

anatomy of, 575 
fractures of 578 
Pemphigus vulgaris, 450 
Peuilc d \ seases, 7 H 2-7 84 
balanitis, 782,785 
Bmveiimd papulosis, 785-784 
B < men 's d i sease ,785 
cancer, *84 

congenital abnormalities, 782 
congenital inguinal hernia, 782 
infectious diseases, 782,785 
Peyronie s disease, 782-785 
phimosis, 782 
priapism, 785 
Pe 11 ta l< >gy o F Ca ntre 11, 184 
Pcntoharbftal, 568,585 
Peptic ulcer disease (PUD), 252, 285, 
288 

most common characteristics of, 

255 

Peptides, [ 15 
I *e p t os t rep toc occi, 559 
Pergolide, 582-585 
Pericardia] effusion, 72, 108 
Pericardiocentesis, 70, 72, 80-81 
parasternal, 70, 81 
subcostal, 81 

Pericarditis, 11.70, 79, 108 
acute, 71 

KCC findings in, 7 1 
causes of, 71 
chronic constrictive, 71 
types of, 70 
Pcrk-ardirmi, 11 

Peripheral nerves, organization of, 521 
Peripheral neuropathy, 554-555, 595 
C1 la re o l-M a r i e -1 dot h dive ase, 
554-555 


Peripheral vascular circulation. Set 1 

Hemodynamics and peripheral 
vascular circulation 
Periplieral vascular disease, 72-75 
Churg-Slruuss syndrome, 75 
Henoch-SchUnlein pnrpma (11SP), 
74-75 

Kawasaki's disease, "4 
polyarteritis nodosa (PAN), 72-75 
' Dikayas us arteritis, 75 
temporal arteritis, 75 
thromboangiitis obliterans, 75-74 
Wegener's granulomatosis, 7*1 
Peritoneum, See Abdominal and pelvic 
peritoneum 

Personality disorders, 607-610.6-tS 
duster A, 608, 648 
paranoid, 648 
schizoid, 648 
schizotypal, 648 
cluster B, 60S, 609,648-649 
antisocial, 648 
borderline, 648 
histrionic, 649 
narcissistic, 649 
cluster C, 610, 649 
avoidant. 649 
dependent, 649 

obsessive-conipuhivc persoi ial rty 
disorder, 649 

Pervasive developmental disorders, 655, 
646 

Asperger's disorder, 634, 646 
autistic disorder, 635-654, 646 
Kelt's syndrome, 634, 646 
IVulz-Jeghers' syndrome, 249. 285 
Peycr's patches, 197 
Peyronie's disease, 782-783 
Pharyngitis, 906 

Phencyclidine (PCP), 628-629. 644 
Phenelzine, 571 
Plienoharbital, 568. 569, 579 
Phemtom. 579-580 
PI icoci 1 romoeytonia, 44, 152, 161, 

174 

Phimosis, 782 

Phobias (social and specific), 612 
Phosphodiesterase inhibitors, 92. 94 
Phospholipase C median ism, 115 
Phy Unties tumor, 817. S54 
Physostigm in c, 567 
Pica, 347 

Pick's disease, 539, 589 


Pickwickian syndrome. 876 
Pierre Robin syndrome. 144 
Pilocytic astrocytoma. 548, 593 
Ptnealomo, 548 
“Pink puffer/' 869, 91)1 
Pituitary, 116-128,18K 488, 547. 548, 
551 See dlso 1 lyputhalunms and 
pituitary 

adenomas,488, >47. >48, >51 
anterior, 116, 118-121, 124-126 
cell types and regulation, 1 IS 
disease, 124-126 
hormones, 118-121 
function, abnormalities of, 181 
posterior (nemohypophysis), I l". 
121-124 

disease, 126-128 
tumors, 124 
Placenta, 774,776 
disorders of, 809-810, 827 
abruptly placentae. 809, S27 
placenta acereta, 809, 82" 
placenta previa. 809-810, 827 
“Plasia" definitions, 544 
Plasmacytoma, localized, 556 
l 'la situ nli inn fa lei pan mi , 559 
Pleura, 847-848 

Pleural cavities, development of, 845 
Pleural effusion, 848 
Plummer-Viusnn syndrome, 5 [5, 347 
Pneumoconiosis. 879-881 
coal worker's, 879-881 
Puerunners/is //roved, 891,905 
Pneumonia, 884.889-892, 899, 
905-904 
aspiration. 9(15 
atypical, 903 
bronchopneumonia, 903 
chronic eosinophilic, 884 
common causes of. 890-891 
com mnnity-accjui red, 903 
lobar; 903 
nosocomial, 905 
Pneumoperitoneum, 192 
Pneumothorax, 845, 871 
spontaneous, 871 
Poisei lille’s law, 35, 860 
Poland's syndrome, 370 
Poliomyelitis, 507, 509, 538. 551-552, 
597,876 

Poliovirus, 542, 55] 

Polyarteritis nodosa (PAN), 72-73, 
431-432. 455 



Polycystic ovarian syndrome (PCOS), 

* wi~mi 

Polycylhcmia/cnythrocytosis, 518 
Polycythemia vera* 552-555 
Polydactyly, 567 
Polyhydramnios, 225, 810 
Polymyalgia rheumatic;!, 75.446 
Polymyositis, 414-416 
Polyps, 247, 285 
adenomatous, 247 
benign, 247 
Pompe’s disease, si 
Pons, 492-495 
cross-section of, 494 
media!, content and lesions of, 

49s 

Porphyria cutanea tarda (PCT). 
*557-558 

Portal hypertension, 225, 258-259 
in the context of congestive heart 
failure, 260 

diffuse hepatic tissue scarring with, 
consequences of, 260—262 
pathnphysiology of, 261 
Portal venous system, 196-197 
portal U> I VC anastomoses 
(collaterals), 196-197 
esophagus, 197 
rectum, 197 
umbilicus, 197 

Positive end-expiratory pressure 
(PEEP), 859 
Post-polio syndrome, 876 
Post-thrombotic syndrome, 67 
Post-tramualic stress disorder {PTSD), 
615-614. 640-641 
Potassium channel blockers, 95 
Potter’s sequence, 652-655 
Potter's syndrome, 845 
I\)It's disease, 904 
PoU's fracture, 579 
Prumipexolc, 5H2-5S5 
Prednisone, 898 
Precclampsia, SI l* 627 
severe, 811 

superimposed on chronic 
hypertension, S12 
Pregabalin. 580-581 
Pregnancy. 769-779, 826-828 
androgen inhibitors, 775 
cypmteroiie, 775 
finasteride, 775 
Out amide, 775 


blood, maternal changes in during, 

775 

breast-feeding, 778-779 
cardiovascular system during, 770, 
775 

complications, 809-814,827 
an miotic embolism. 815 
an miotic fluid disorders, 810-811, 
828 

ectopir pregnancy, 769, 810, 827 
erythroblastosis fetalis, 815-814 
11 E1J*P syndrome, 812 
hypertensive disorders, 811-812 
placental disorders, 809-810 
Sheehan's syndrome, 815 
digestive system during, 771.775 
endocrine system during, 771-772 
estrogens, 771-772 
estrogen-related drugs, 772 
dmniphene, 772 
raloxifene, 772 
tamoxifen, 772 

fetal circulation, 774,776-778 
shunts in, 777 

gestational neoplasms, 814-816 
choriocarcinoma, 815-816 
hydatidifnrm mole, 814-815 
immune system during, 775 
osmoregulation during, 769 
placenta, ""74,776 
prenatal testing, 774 
progestins, 772 
renal system during, 775 
respiratory system during, 770-771, 
775 

skin ami bones during, 774 
twinning, ”78,779 
urinary system during, 769-770 
Prelm's sign, 784 
Premature ventricular contract ton 
(PVQ.42 

Pressure support ventilation (PSV), 

859 

Pressure-volume (PV) loops, 24-25 
diastole, 25 
systole. 25 

variables that affect stroke volume 
in, 25 
Priapism, 785 

Prinzmetal's angina, 76,91, 105 
Probenecid, 44(1 
Progestagens, 767 
progesterone, 767, 775. 820 


Progestin*, ""T2 
related drugs, 775 
Progressive tivtll ti fo ca! 

!e \ iki ic ncepha!npa(by (PML), 
542, 559. 591, 598 
primary characteristics of, 542 
Progressive supranuclear palsy. 
557-558 

Prolactin, 118, 121, 181), 181 
Prolactin-inhibiting factor (dopamine), 
117 

Prolactinoma, 124-125 
Pro-opimnclaunt oiliu fPOMC), 570 
Propofol, 586 
Prostaglandins, 682, 859 
Prostale, 744, 754-756, 788-790 
diseases of. 788-790,825-826 
benign proskaiic hyperplasia 
(BPH). 744,788-789,825 
cancer (adenocarcinoma), 744. 

756, 789-790.825-826 
prostatitis, 788, 825 
Proteinuria, 658 
Proteus vulgaris, 708, 709. 751 
Prothrombin time, 276, 521,550 
Prnlnn pump inhibitors (PPIs), 
277-278 
Protriptyline, 

Prune belly syndrome. 570 
Psammoma bodies, 545 f 547, 595 
Pseudogout, 414,448 
Pseudohermaphroditism, 758. 749, 781 
female, 791 
male, 781 

Pseudomembranous colitis, 2H6 
Pseudomonas twritgiiimu. ”84, 876, 
890.904 

Pseudotumor cerebri. 472 
Psoriasis, 455-456 
Psychiatry, 601-649 
anxiety disorders. 610-614, 659-640 
obsessive comptils ive disorder 
(OCD k 612-615,640 
panic disorder with or without 
agoraphobia, fill. 640 
phobias (social and specific), 612 
post-Ira in nalic stress disorder 
(P I SH), 615-614.640-641 
haste definitions and concepts, 602 
defense median isms. 605, 604 
gain, 602 

disort!cns a i |icrecpt ion, 602 
disorders of thought content, 602 
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disorders of thought processes, 6t)2 

DSM-IV-TR criteria* 601 
childhood disorders, 63 >, 646, 64" 
attention dcfieil/hyperacHv ily 
disorder (ADI IDl, 635-6*6, 646 
disruptive hcltsivior disorder, 635, 

646 

uienlal retardation, 637,647 
pervasive developmental disorders, 
633,646 

selective mutism, 637 
separation anxiety disorder, 636, 

647 

Ton rede's disorder* 636, 647 
cognitive disc ird ers ,621-623, 

643-645 

am 11 ts lie dr so rd ers, 62 3 
delirium, 621-623, 643 
dementia, 623,643-645 
dissocialive disorders, 624. 642 
eating disorders, 619-621.645 
anorexia nervosa, 619-620* 645 
bulimia nervosa, 620-621,645 
factitious disorders, 618,642 
Munchausen syndrome, 618 
Munchausen syndrome In prow. 
61K 

mail tigering, 618-619, 64 2 
ni4xxl drs<mlers, fitJ6-607 
bipolar I/I I disorder, 607 
cyclothymic disorder, 607 
dcpressive c p i sodc, fit)6 
dysthymic disorder, 607 
major depressive disorder* 666, 

607 

seasonal affective disorder, 61)7 
personality disorders, 607-610, 648 
cluster A, 608. 648 
cluster B, 60S, 609,648-649 
cluster C, 610.649 
psychotic disorders, 603-606 
brief psychotic disorder, 605, 606 
schizoaffective disorder, 605, 606 
sclrizopl] renia, 603-60 5 
schi/Ophremfonn disorder, 605, 
606 

substance-induced psychotic 
disorder, 605.606 
sleep disorders, 630-633 
dvssoumias, 630 
nocturnal myoclonus, 633 
parasomnias, 630 
restless legs syndrome, 630, 633 


sonraInform disorders, 614-618, 641 
body dysmorphic disorder, 617, 
641 

comparison of, 615 
conversion disorder, 616, 641 

hypochondriasis. 617, 641 
key c ha raderi sties of, 61 5 
pain disorder* 617-618 
somatization disorder, 614-616, 
641 

substance-use disorders. 625-631} 
benzodiazepines and barbiturates, 

626*627 

hallucinogens. 628-629 
marijuana, 629-630 
opiates, 628 
sedatives, 625-626 
stimulants. 627 

Pulmonary circulation, 864 S65 
blond I low 

distribution of. 864-865 
regulation of, 865 
characteristics, S64 
Pulmonary cysts, congenital, 845 
Pulmonary edema, 887 
Pulmonary fibrosis, 85, 867, 882-883, 
902 

idiopathic, 882-883, 902 
Pulmonary embolism. 885-886, 903 
Pulmonary function testing, 8~3, 87". 
878, 880 

Pulmonary hypertension, 9, 872, 877, 
886-887, 903 

cl i runic, 67 

Pulmonary hypoplasia* 845 
Pulmonary surfactant, 851 
Pulmonic regurgitation. 62 
Pulmonic stenosis, 5-6, 59 
Pulsus paradoxus. 70, 10C) 

Pulsus parvus d tardus, 59 
Parkin jc fibers, 14 
Pyelonephritis, 711-712 
acute, 7-11 
chronic, 711-712 
Pyoderma gangrenosum, 245 
Pyloric stenosis* I $6-167, 205 
Pyridostigmine. 567 
Pyridoxmc (vitamin B fi ), 894 

Q 

Quetiapine. 5” 5 


R 

RndmchUU. 461.462 
Radiography, cardiovascular, 79 
l^lnxifeue, 341, "72,829-821 
Ranke's complex. 904 
Rasigiline, 583-584 
Ravnaudx phenomenon* 73, 427,432. 
433 

Reactive attachment disorder, 

647-64 1 H 

Recklinghausen's disease nt hone, 411 
Red blond cell farms, 346, 347 
5a-Reduct;ise deficiency, 781 
Reed-Stern berg cells, 324, 325 
Reid index, 87 2. 899 
Reinke*s crystals, _ SS 
Reiter's syndrome/reaelne arthritis, 
417-419,557,837 
Relax in, 774 
Rem i fen limy I, 569-570 
Renal artery* stenosis. 44 
Renal blood flow. 671-672 
aulorcgulalion mechanisms, 673 
measurement of, 673-676 
blond flow, 674 
filtration fraction., c hanges in, 
674-676 

plasma (low; 673-674 
t n ie pi asi i la tl o\v, 674 
regulation mechanisms, 672-673 
Renal failure* 712—716, 734.735 
acute, 712-71 \ 734 
aeule tubular necrosis. “ 13-714 
chronic, _ 14-“1 5 
causes of, 714 
comet) uenees nf, "15-716 
key definitions, 715 
types of, 735 

Renal osteodystrophy, “15 
Renal papillary necrosis, 712 
Rena] parenchymal disease, 44 
Renal reabsorption and secretion, 
676-678 

amino aeitls, 676 
free water, 6" 7 
glucose. 676 

para-ammohippurit acid, 676-677 
urea* 676 

urine osmnlarUy. 677-678 
Renal stones (urolithiasis!, 708-710, 
733-734 

cysteine slrmes, ”54 




Renal stones f Confirmed) 
magnesium ammonium phosphate 
(struvite), 734 
staghorn calculi, 734 
uric acid stones, 734 
Renal system* 641-736 
a union iv. 654-657 
posterior a b d oj m na 1 wa 11,654 
retroperitoneal structures, 654-65” 
c m hryology, 652-654 
renal development, 652-654 
histology, 657-663 
bladder, 663 

calyces, renal pelvis, and ureters, 
662 

j uxtaglomenila r apparatus, 
661-662 

nephron* 657-661 
pathology. 695-723 
diffuse cortical necrosis, 712 
electrolyte abnormalities, 718-723 
glut ii en il opalines* 69 5,6% 
nephritic syndrome* 7ti3-“08 
nephropathies associated with 
systemic disorders, 700-702 
nephrotic syndrome, 695-700 
renal failure* 712-716 
renal papillary necrosis, 712 
renal stones (urolithiasis), 

708-711) 
tumors, "J6-718 
urinary casts, 695 
urinarv I met infections iU Ms). 

710-7U 

pharmact>1 ogv* 72 3-729 
ant s diuretic hormone (ADil), 726 
anlidhtrctic hormone antagonists, 
726-727 

clinical considerations, 72$-"29 
diuretics, 723-726 
nephrotoxic drugs, 727-728 
physiology, 665-694 
acid-base homeostasis, 686-694 
general, 669-686 
transport and water metabolism, 
concepts of, 663-669 
rapid review, 729-736 
Renal tumors, 716-718, 734-736 
renal eel! carcinoma* 716-71". 734 
transitional cell carcinomas, 

717-7 IS, ”35 

Wilms tumor (nephroblastoma). 

718, 735-736 


Renin-angiotensin-aldosterone system, 
33, 89.683-685 
Renin-angiotensin system* 103 
Repaglinide, 172 

Reproductive development, 738-748 
breast development* 748 
determination of gender, 738 
genotypic gender, 738 
phenotypic gender, 738 
early indifferent development, 
738-741 

external genitalia, 741 
genital ducts, 739-740 
gonads* 739 

female development, 746-748 
external genitalia, 748 
internal genitalia, 746-“4~ 
ovaries, 746 

genital Immologucs, male and 
female, 745, 748 
male development, 741-745 
external genitalia, 744-745 
internal genitalia. 743 
testes, 741-743 

Reproductive system, 737-83" 
anatomy. 750-759 
female reproductive system, 
756-759 

lower abdomen and perineum, 
750-752 

male reproductive systen\. 

752-756 

ct nb rvol ogy, 738-750 
congenital malformations, 748-750 
repo hI iiclive development. 
738-748 

pathology—female, 790-819 
breast diseases, 816-819 
cervical diseases* 794-795 
genetic diseases, ”90-791 
gestational neoplasms. 814-816 
infectious diseases, 792, 793 
neoplasms. 798-80! 
ovarian diseases, 801-808 
pregnancy complications, 809-814 
uterine diseases, 795-79$ 
vaginal diseases, 792, 794 
pathology—male, 780-790 
genetic diseases. 789-781 
neoplasms, ”86-788 
penile diseases. ”$2-“$4 
prostale diseases* 788-790 
testes, diseases of. 784-786 


[dmnnacOIogv. S19-823 

female reproductive system* drugs 
to modulate, 820-822 
male reproductive system, drugs to 
modulate, 822-823 
gonadotropin axis* drugs to 
modulate, SI 9-820 
physiology, 759-779 
fertilization, 768-769 
ga met ogenes i s, 75 9-76 () 
gonadal steroids, 766-767 
menopause, “”9-780 
menstrual cycle and ovulation* 
762-766 

oogenesis, 761-762 
pregnancy* 769-779 
sexual response, 768 
spermatogenesis, 760-761 
Respiration 
control of* 868 
central control. 868 
chumoreceptors, 868 
irritant receptors, 868 
] receptors, 868 

joint and muscle receptors* 868 
lung stretch receptors, 868 
mechanics of, 851 
muscles of* 855-856 
expiration, 856 
inspiration. 855 

Respiratory acidosis, 546,690* 862 
causes of, 690, 862 
Respi niton’ alkalosis. 546, 690,691, 
862-863 

causes of, 691, $63 
Respiratory cycle, mechanics of 
breathing during, 856-859 
forces defined. 856 
at maximum inspiration. 858 
mechanical ventilation, 858-859 
al normal expiration* 858 
at rest, 857-858 

Respinitnn development, 840-844 
bronchi, 841 
diaphragm, 843-844 
larym, 840-841 
lungs, 842-843 
pleural cavities, 843 
trad tea* 841 

Respi ratlin distress syndrome IROS)* 
845, S59,877-879 
acute (ARDS), 877-878 
neonatal. 859, 878-879 




Respiratory epithelium, 851 
Respiratory system, 839-906 
anatomy, 846-852 
airways, 846-847 
diaphragm, 848-849 
extern;)I anatomy, H49-850 
histology, 851-852 
lungs, 846-848 
respiration, mechanics of, 851 
embryology, 840-846 
congenital mnl formal ions, 
844-846 

respiratory development, 840-844 
pathology, 869-899 
interstitial long diseases, 877-SS1 
lung cancer, $87-889 
obstructive lung diseases, 869-876 
pulmonary infections, 889-895 
pulmonary vascular diseases, 
885-887 

restrictive lung diseases, 876-884 
pharmacology, 895-899 
allergy, drugs for, 898-899 
respiration, drugs to treat disorders 
of, 895 

physiology, 853-895 

lung volumes and capacities, 853 
rapid review, 899-906 
Restless legs syndrome, 630, 632, 633 
Reticuloeylosis, >43 
Retinoblastoma (RR), 345, 549 
Retroperitoneal structures, 654-657 
bladder, 656 
kidney. 655-656 
ureters, 656 
urethra, 656-657 
female, 657 
male, 657 

Rett's syndrome, 634,646 
Reye s syndrome, 258, 294 
Reynolds* pentad. 270 
Rheumatic fever, 55-57. 105 
rheumatic heart disease, 56-57, 58 
acute, 56-57 
chronic, 57 

Rheumatoid arthritis, 403-406,444 
juvenile (JRA), 444 
Ribs. 366 

congenital malformations, 366 
development, 366 
Rickets, 147,443 
Riedel's thyroiditis, 138, 176 
Right ventricular hypertrophy, 6, 9 


Rhine's lest. 516 
Risperidone, 5*5 
Kitcxlrinc, 822 
llivastigiuine, 582 
Roeimmhim, 566 
Rombergs sign, 506, >07, 538 
Rnpinirale, 582-583 
Rotavirus, 246, 2S7 
Roth’s spots, 49, 106 
Rotors syndrome. 255, 290 
Rouleau formation, 356 
Rt J-486 f Mifepristone). 773. 820 
Rubeola. >59 
Russell's sign. 620 

s 

Saddle embolus, 903 
Saliva, composition of, 206 
Salivary glands. 221-223 
tumors of, 223 
Salivary secretions, 205-206 
Salivary stones {sialolithiasis}, 223 
Salmeteml 822, 897 
Salmonella^ 55,246, 287, 418 
osteomyelitis, 310, 352, 456 
Salnumella typhi , 286 
Sampson's theory, 796 
Sarcoidosis, 50,51.423-426,448-449. 
557.721,881-882,902 
cutaneous manifestations of, 425 
organ system involvement in, 426 
pathogenesis of, 424 
Sarcoma bnlryoides (embryonal 
rl labd nmyosa rcoma), 792 
Sarcomere, 20 
effect of length on force of 
contraction, 23 
Sarcoplasmic reticulum, 20 
Salcllilosis, 593 
Scarpa's fascia, 751 
Schuumano's bodies. 902 
Sdnller-Puvali bodice. 787, SH4 
Schilling's lest, 314 
Selunncr*s test, 222 
Schistosomiasis, 559. 717 
Schizoaffective disorder, 605, 606. 

639 

Schizophrenia, 562. 603-605, 639 
DSM-IVTR diagnostic criteria, 605 
subty pes, characteristics of, 605 
Schizophreniform disorder. 605, 61)6. 
639 


Scliwannonvameurofihroma, 518, 593 
Scleroderma {systemic sclerous ), 5 ]. 

427-428. 449 
Scopolamine, 567 
Scum , 318,443 
Seasonal affective disorder. 6U7 
Seborrheic keratosis, 450-451 
Secobarbital, 568 
Secretin. 214. 219 
Seizures* 545, 591 
generalized, 591 
absence, 591 

touic-etonic (grand mnl), 591 
partial. 59) 
complex* 591 
simple. 591 
types of. 545 

Selective estrogen receptor modulators 
(SKRMs), 437* 445, 772 
Selective mutism, 637 
Selective serotonin renptake inhibitors 
(SSRIs), >71 
Selegiline, 583-584 
Seminoma. 786, 832 
characteristics and prognosis of, 787 
Sensory- corpuscles, 521 
Separation anxiety disorder, 636, 647 
Sepia, formation of, 2-6 
aortopulmonary septum f AP), 4-6 
atrial septum* 2-3 
interventricular .septum, 5 -4 
Septum prirnum, 2 
Septum secundum, 2 
Serataliin !5-hydn>\y lryptainine). 
564-565 
synthesis of, 564 
Sertoli-Ley dig's cell tumor. MIS 
Sertoli’s cells, 760-761, 788, 832 
tumor, 788, 832 
Sertraline, 571 
Scslamihi scan, 173 
Send)mane, 585 
Se\ curd/stromal cell tumors, 8U8 
Sexual response, 76S 
Sexually transmitted diseases (STDs), 
783,792* 793, 837 
Se/ary syndrome, 326, 355 
Sheehan's syndrome, 1 16, 126, 176, 
1.31.813 

S/uge/fo. 246. 287.418 
Shot k, 68-69 

hemodynamic profile of, 69 
stages of, 68 





Shock, (Continued] 
types of* 69 
anaphylactic, 69 
cardiogenic, 69 
hypovolemic* 69 
neurogenic. 69 
septic* 68. 69 
Sborl gut syndrome, IHS 
Shoulder* >81 
Shoulder sign. 186 
Shunt 

riglibio-lcfl, 5,6.9, 10,60, 107, 

867 

leftictrighi* 8,9-10*60.106-107* 
867 

Sialolithiasis (salivary stones)* 225 
Sickle eel] disease* 309-31 L 332 
Silicon til, 768, 823 
Silicosis, 879-SHI 
Sine Ml rial (S:V unde. 13 
Sinusitis, 875 

Sipple .s syndrome (MK\ 2 svmbome)* 
173 

Sister Man' Jrxseph s sign, 233 
Sjogren’s syndrome, 221-122. *121, 
428-429*446-447,337,780 
Skeletal system, 360-368, 376-380, 
397-401,436-438 
anatomy* 371-388 
major hones, 371-376 
injuries and disorders, common, 
376-380 

ankylosing spondylitis, 377 
atlantoaxial dislocation, 377 
coxa vnlga/vara, 379 
femoral head, slipped epiphysis 
of, 379 

I .egg-Ga he- Pe rt I res 1 1 i sea sc, >” 9 
lower limb, fractures of, 379 
nucleus proposals* hernial ion of, 

177 

pelvis, fractures of, 378 
skull, I me In res of. 3 "6 
spot id) lots sis, 377 
upper Umb. fractures of, 378-379 
vertebrae, fractures and 
dislocations of 376-377 
limbs, 366-368 
congenital mat forma lions. 
367-368 

tlev e l« i pj i re irt, 366-367 
oncology, 397-401 
primary cancers, 397-398 


osteogenesis, 360 
congenital malformations. 
36U-361 

development* 36f) 
pharmacology* 436-438 
bone, drugs used to treat disorders 
of. 436-438 
ribs, 366 

congenita! malformations* 366 
development* 366 
skull. 362 

congenital in a I formations, 
362-363 

development, 362 
vertebral column. 363-366 
congenital inal formations, 364 
development, 363-364 
Skin cancel . 451-452 
actinic keratoses, 451 
basal cell carcinoma, 452 
malignant melanoma, 452 
squamous cell carcinoma (SCO, 
452 

Skin disorders/dermal itis, 459-451 
Skull 362. 3-1-373, 376 
anatomy, 371-373 
congenital malformations. 362-363 
development, 362 
foramina, structures transmitted 
through* 373 
fractures of, 376 
Sleep apnea, 63], 632, 846 
central. 632 
obstructive. 632, 846 
Small intestine, 201-202*211-215. 
236-243 

diverticular disease, 238 
diverticulitis* 241-242 
divert rculosis, 240-241 
histologic and functional 
character is tics* 202 
hormones and peptides. 214-215 
eholccystoktiiin. 214 
cnleroglncagon, 215 
gastric inhibitor) peptide, 215 
gastrin, 214 
histamine, 215 
moiilin. 215 

pancreatic polypeptide. 215 
secretin* 214 
somatostatin, 214-215 
vasoactive intestinal peptide, 215 
intussusception, 242—243 


malabsorption syndromes. 236-23S 
celiac sprue ( gluten-sensitive 
enteropathy), 236-237 
disacellaridase deficiency, 238 
Whipple's disease. 238 
Meckel's diverticulum, 239-240 
secretions* 211 
absorption, 212-214 
duodenum, 212 
ileum, 214 

proximal jejunum* 213-214 
terminal jejunum, 214 
Small lymphocytic Ivmplinriia (Slid, 
353 

Social phobia, 640 
Sodium channel blockers. 93 
Somatoform disorders, 614-618, 641 
Ijotl y d) sniorphicdtsorder, 617, 641 
comparison of, 61 5 
conversion disorder* 616.641 
hypochondriasis. 6)7. 641 
kes characteristics of, 61 5 
pain disorder. 617-618 
somatization disorder, 614-616, 641 
Somatostatin, 117, l! 8,167. 178, 
214-215, 225 
Soma Install not na, 290 
Somnambulism (sleepwalking), 632 
Sperm celts. “'53-“ 54 
Spermatocele* 786 
Spermatogenesis, 760-761. 762 
hormonal regulation of, 762 
Spina bifida, 365-366, 461-462, 523, 
587.774 

meningomyelocele type. 526 
occulta* 523, 58” 
v ariations of. 461-462 
Spinal artery infarction, 552 
Spinal cord* 497-506, 507-509,547, 
550-554*599 
blood supply, 497 
function* 497 

lesions of, 506* 507-509* 54”. 
550-554. 594-595 
anterior spinal cord syndrome, 
595 

Urmvn-Sequard syndrome, 547, 
55(1 595 

Homer's svrnlrorae, 595 
puliomuditiv. 551-552 
subacute combined degeneration 
(vitamin deficiency), 553 
syringomyelia, 553-554,594 











tubes dorsalis, 552-553. 595 
thoracic outlet syndrome 
(Kltimplces palsy), 554 
levels of, 498 
myntntic reflex, 500-501 
cross-section of the spinal cord, 

SOD-501 

reflexes and corresponding levels, 
500 

subacute combined degeneration of, 
599-600 

tracts of, 501—506 
llmwn-Setjumd syndrome, 506 
coil icospinal, 501—51}6 
unique structures, 499 
Spinocerebellar lesions, 541 
f'Vicdreich’s ataxia, 541 
ol ivopontocerebelbr atrophy, 541 
Spironolactone, 724, 726, 3522 
Spmirlylaartliropatliics, seronegative, 

416- 426,449 

ankylosing spend) litis, 416-417 
Reiter s wridrome/rcactive art]iritis, 

417- 419 

systemic lupus ervlhematmus, 
419-425 
types of. 449 

Spondylolisthesis, 366, 375, 378 
Spondylolysis, 377, 378 
Spongiform encephalopathy, 597-598 

S(df)hviacoccu$ 7 71 
St a phylococcus a itm j s\ 48,106,335, 
456, 559, 890, 904 
Sttf fiftyI ck'occus epUkrtuidh, 49 
Status asthmatiem* 874. 901 
Status cpilcplicm. 545 
Steroids, 1/3, 153, 766*767 
gonadal, 766-767 
hormone synthesis, 153 
cholesterol acquisition, 153 
synthetic pathways, 1 53 
Stcvcm-Johmon syndrome, 451 
Stomach, 201,207-211, 23(1-236 
absorption, 210 
duodenal ulcers, 232-234 
gastric cancer, 234-236 
adenocarcinoma, 234 
primary gastric lymphoma, 
234-236 

gastric secretion, regulation of, 
208-209 

gastric ulcers, 232 
gastritis, 230-232 


hormones and peptides, 210-21 i 
gastrin, 210 

gastrin-releasing peptide (GRP), 

211 

hydrochloric acid secretion. 

mechanism of, 209 
M cue tri e r s d i sea se ,232 
peptic ulcer disease (PI *1)), 232 
Stomatitis, herpetic (MSV-1), 221, 222 
Struct rail’s syndrome, 515 
Stratum spinosuru, 451 
Streptococcus 
group A fMiemolytie, 55 
group B.456, 559 
Strvptococcus bin is , 49 
S t rept ncovc u s p neumo nine, 335, 554, 
889.890,903 

Streptococcus viridtim, 4H, 49 
SI rep l n k i n a s c, 98—99 
Stress testing, 80 
String sign, 186 
Stroke, 473, 530-531, 535 
embolic (hemorrhagic infarction), 
530-531 

neurologic deficits associated with, 
473 

presentation according to cerebral 
location of occlusion, 535 
thrombotic (pale infarction!. 53U 
Stroke volume, 27 
Subacute combined degeneration 
{vitamin Bp deficiency). 553 
Subarachnoid hemorrhage (SAll), 
55,469,470, 528, 552, 592 
Subcostal plane, 188 
Subdural hematoma, 469,470, 532, 
592 

Subendocardial infarction, 12 
Substance abuse, 643 
drugs and their effects, 644 
Substance dependence, 643 
Substance-induced psychotic disorder. 
605. 606 

Substance-use disorders, 625-630 
benzodiazepines and barbiturates, 

626-627 

sedatives, 625-626 
alcohol, 625-626 
stimulants, 627 
amphetamines, 627-628 
caffeine, 628 
cocaine, 627 
nicotine, 628 


Slice iuylcholme, 565-566 
Site rat fate. 276 
Sufentanil, 569-570, 586 
Suicide. 642-643 
Sulfasalazine, 279 
Sulfonylurea;*, 171 
Superior vena cava syndrome, 104 
Supraventricular arrhythmias. 41-42 
Swallowing ideglutition), 206 
esophageal phase, 207 
Sydenham*:* chorea, 55, 56, 57 
Syi npa I hoplegics, 84-87 
tr-ndrciiergic receptor antagonists. 87 
fl-adrcitcrgic receptor antagonists, 87 
centrally acting, 86 
sympathetic receptors, function of, 
84-86 

Synapses, 518-519 

Synchronized intermittent mandatory 
veiitilfltioii (SIMV). 859 
Syndactyly, 367 

Syndrome of inappropriate secretion of 
autidiuretie hormone (S/AOH), 
128, 1S l. 346,735,888,905 
Syphilis, 507, 557.783, 837 
tertiary, 552-553,557 
Syringomyelia, 464, 5118. 509, 510, 526, 
527,542,553-554, 594 
Sytftfjnir lupus entbemaJosm ISLK). 
419-423, ”14, 773 

cardiovascular manifestations of, 422 
classification criteria for diagnosis 
of, 420 

cutaneous manifestations of, 
419-420.422 
drugs used to treat. 440 
gastrointestinal manifestations of, 

420 

musculoskeletal manifestations of, 
420 

organ system manifestations nf. 421 
during pregnancy, 773 
renal manifestations of, 420-421 
Systemic sclerosis (scleroderma), 
427-428 

1 ’ 

T tubules, 20 

Tabes dorsalis. 507. 509. 552-553, 595 
Tacrine, 582 
TablnfiL 823 
J aenia solium, 559 




I akayasu's arteritis (TA), 75,455,455 
Tamoxifen, 541,772, 817,821 
Tanner staging, 762 
T emazepam, 569 
t emporal (giant cell) arteritis, 71, 

430-4? 1,446,455 
1 ci lesions, 280 
Teratoma, 787,805-806 
Tcvbulaline, 895 

I eslcs, 741-745, 785-787. 852-855 
abnormalities of, 785-786 
hematocele, 786 
hydrocele, 785, 786 
spermatocele, 786 
torsion, 785 
varicocele, 78 5 
development of, 741-745 
diseases of, 784-786. 787, 852-855 
choriocarcinoma, 787, 855 
congenital, 784 

embry onal carcinoma, 787,852 
infections, 784 
mixed germ cell tumor, 855 
seminoma, 786, 787,852 
teratoma, 787, 855 
yolk sac tumor, 787, 855 
t esticular torsion, 755, 785 
T estosterone, 766, 781, 822-825 
I etralagy of Fallot, 5-6, TO, 107 
l ludamm, 484 
thalassemia, 511-512, 352 
a, 312, 552 

Ml 1,552 

Thalidomide, 367 
1 hetafchc, 762 
Theobromine* 895 
Theophylline, 874,895, 897 
Thiamine deficiency, 50 
TliiazoUdinediones, I ~2 
Thinuamides, HO 
T liiopentnl, 568, 585 
Thioridazine, 574-575 
Thoracentesis, 850 

T horacic cavity, external landmarks of, 
850 

Thoracic outlet syndrome (Klumpke T s 
palsy), 566, 554 

Thromboangiitis obliterans (Buerger$ 
disease), 73-74, 452, 454 
TTiroiubucythemm, essential, 334 
Thrombocytopenia, 319, 320-321, 322, 
351 

Iicparin-induced (HIT ), 351 


idtopatllie ihroinboeytopemc 
purpura (iTP) t 351 

11 1 rornbotie thrombocytopenic 
purpura (TIP), 351 
T T i rom hi ic m i hoi i sm * 67 
pulmonary, 903 
' 1T i ron i holy) ics, 98-99 
streptokinase, 98-99 
tissue plasminogen activator (tPA), 
99 

Tlirombophlebi tis, mngratory 

1 Troiisseaussyndrinnc}, 103 
Thrombotic microangiopathy, 733 
hemolytic uremic syndrome (141 IS), 
735 

tli rombotic t h ro ml )oc y to pci \ i c 
purpura (TI P), 733 
Thrush (oral candidiasis), 221.222 
Thyroid, 130-140. 175-177 
anatomy, 130-13] 
antithyroid drugs, 140 
iodine, 140 
lliioiiainidcs, HO 
carcinoma, 176, 177 
disorders of, 136-159 
hyperthyroidism, 136=] 38 
hypothyroidism, 138 
neoplasms, 138-139 
embryology, 13] 
histology, 131-132 
1iuniit h iv regulation, 135 
1 1 owi ist rea i i \ effc ds, 135-136 
lion ii one synthesis. 133 
con [ding, 134 
iodide extraction, 133 
oxidation and organification, 1 34 
ihyruglobulin synthesis and 
sec return, 133-134 
thyroid hormone release, 134 
hormone transport and metabolism, 
134=135 

hypothyroidism, drugs for, 159-14(1 
Icvolhyroxinc, 140 
storm, 136 

Thyroid-stimulating hormone (T'SI I ). 
121.175,180, 181 

Thyrotropin-releasing hormone, 11" 
Tic disorders, 647 
Tidopidine, 97 
I'incl's sign, 55 | 

T issue plasminogen activator (lPA,). 

W 

Tolcapotic, 584 


T opoisomerase inhibitors, 340 
etoposide, doxorubicin, and 
irinotecan. 340 
TORCHES infection, 827 
' I o rsades de po i ntes, 9 3 
Torticollis, congenital, 370 
TonreUe’s disorder, 575, 636 
Toxic epidermal necrolysis, 451 
Toxocariasis, 557 
Toxoplasma gondii 559, 598 
Toxoplasmosis, 48, 557, 598 
Trachea, 841.844 
congenital malformations of. 844 
development of, 841 
T racheoesophageal fistula (TEF), 
223-224. 845 

T ransient ischemic attacks (TJAs), 

598 

Transposition of the great vessels, 4-5, 

10.107 

Trampyloric plane, 188 
Transudate* 89*) 

Tra n\ 1 eyprom i tie, 5 71 
ITastuzuinah (Herreptin), 342.820, 

835 

Trazodone, 573-574.783 
I'repfmenui pnUidum t 782, 783, 857 
Triamterene, 724,726 
Triazolam, 569 
Trichomoniasis, 793 
TVic h om oi im vagi 'tin I h ., 792,793. 828 
Tricuspid regurgitation, 58 
Tricuspid stenosis, 63 
Trigeminal neuralgia, 555 
Trisomy 13 (Patau s syndrome), 367, 
468 

l ri so my 21 (D ow ns sy i 1 drome), 186, 
223,243.367 

Tropherynia whippclii , 238. 239 
Tropical sprue. 239 
Trousseau's sign, 150, 722 
f Vtm issea *\\ syn droi u e (migra \ ory 
thrombophlebitis), 103, 290, 
346 

Truncmarteriosus,4. In 
persistent. 4 
Trypanosome entzi, 48 
T uberculosis* 557, 893-895. 904 
miliary, 904 

see o t ula ry (react i va tion), 904 
Tuberous sclerosis, 65 f 549 
T ubular carcinoma (breast), 818. 

836 





Tubulin, drugs that target, >41 
paditaxcl, >41 

vincristine and vinblastine. >41 
Tumor grade versus stage, >44-345 
grading, >44 
staging, 345 

Tumor lysis syndrome. 709 
Tumor nomenclature, >44 
benign, >44 
malignant, >44 
Tumor suppressor genes, >45 
Turcots syndrome* 248, 285 
Turner's syndrome* 653,73H, 790-791, 
825 

Twinning, 778,779 
Typhoid fever, 286 

U 

Ulcerative colitis (UG), 24>-245, 285, 
2S9, 557 

clinical and pathologic features of, 245 
tipper extremity nerve injury, 551 # 595 
Upper limb muscles, >85-386 
arm/forenrm muscles, 385 
nerve damage affecting, 386 
rotator cuff muscles, >85 
ihennr/hypothcnar, >86 
Upper respirators' tract, lesions of, 906 
infect bus, 906 
laryngeal tumors 
benign, 906 
carcinoma, 906 

nasopharyngeal carcinoma, 906 
Urea. 676 f 724-725 
Urmptasnm urealyticum, 788,837 
Uremic syndrome, 715 
Ureters, 656, 662 
Urethra, 656^657 
female. 657 
male, 657 

Urethritis, nongonococcal, 83" 

Urinary casts* 695 
Urinary trad infections (UTlx)* 
710-712,731-732 
pyelmiqjhritis, 711-712, 731. 
731-732 
acute, 711 

chronic, 711-712,732 
Urinary tract insults, 732 
acute tubular necrosis, 732 
ncc rot izing papillitis/pa pi 11an 
necrosis. 732 


nephritis, drug-induced interstitial, 

732 

Urolithiasis (renal stones), 708-710, 
733-734 

cysteine stones, 754 
magnesium ammonium phosphate 
(struvite), 734 
staghorn calculi, 734 
uric acid stones, 734 
Urticaria (hives), 457 
Uterine canal 
abnormalities, 750 
atresia of, 750 

Uterus, 791,795-798, 824,829-830, 
836 

bicnrmmte, 791,824 
diseases of, 795-798 
adenomyosis, 798,829 
endometrial carcinoma, 830 
endometriosis. 795-797,829 
endometritis, 829 
leiomyoma, 830 
leiomyosarcoma* S30 
pelvic inflammatory disease (PID), 
795,836 
Uveitis. 557 

V 

Vagina! diseases. 792, 794, 828 
condyloma acuminatum (genital 
wart), 792 

neoplasms, 792. 794 
clear cell adenocarcinoma, 792, 
828 

sarcoma botryuides (embryonal 
rha 1 jdoi 1 ivosarcomat, 792, 828 
squamous cell carcinoma, 792. 

794 

Vaginitis, 792,793, 828 
bacterial vaginosis, 793, 828 
candidal, 828 

Irichomonas vaginalis "92, 793, 828 
Valproic acid, 576-578 
Valsalva maneuver, 253 
ValsarLan, 727 
Vardetiafil, 823 
Varicocele, 785 
Varicose veins, 66, 103 
Vasculitis, 454 

Vasoactive intestinal peptide (VIP), 
178,215 

Vasodilators, 87-88, 92 


Vasopressin. 126-127, 180, 225, 
685-686,726 
Vecuronium, 566 
Vena cava syndrome, 905 
Vcnlafaxinc, 573 
Venous disease, 103-104 
Ventilation, 855. 858-859, 899 
mechanical, S5H-859 
rate, 855 

alveolar ventilation, 855 
minute ventilation, 855 
Ventilation-perfusion imbalance, 900 
Ventricles, length-tension relationship 
in, 23-24 
afterload, 23 
preload, 23 

Front-Starling relationship, 23-24 
Ventricular arrhythmias, 42-4 > 
fibrillation, 42 
KCG tracing of, 4> 
tachycardia (VI 1 ), 42 
Ventricular septal defect I VS LX 4. 10, 
60-61. 107, 108 

Ventricular system malformations, 
522-534 

Vertebral column, 363-366,373-375, 
376-377,381 
anatomy, 373-375 
congenital malformations, >64 
hemivertebra, >66 
spina bifida, 365->66 
spondylolisthesis. 366 
dc ve 1 opinent, 363-364 
fractures and dislocations of, 

376-377 

Vesicoureteral reflux, ~>2 
Vestibular system, 516 
labyrinth, 516 
vestihular patli ways .516 
Vibrio choleras, 212, 246, 287 
Vibrio parahmnmiytkm, 240 
Vincristine and vinblastine, >41 
VIPonia. 170, 180,215,290 
Virchow s node* 235.905 
Virchows triad, 66, 67, 104, 885 
Visceral sensation, 199-200 
referred pain. 200 

visceral \ersus parietal pain, 199—200 
Visual field defects, 55", 596 
Visual system, 5)1-514 
visual pathway, 511 

associated lesions ami clinical 
manifestations, 513 



Vitamin A deficiency, >57 
Vitamin B 6 (pyrlclossinc), 894 
Vitamin Bp deficiency, 314* 507, 

555 " 

neuropathy, >09 
Vitamin (' deficiency, 318 
Vitamin H. 146-148, 177,408,411, 
682, “15,735 
deficiency, ”35 

Vitamin K deficiency, 519, 321, >22 
Volvulus, 281 

Von U dlebrand's disease, 319, 321* 
322, 352 

V7Q mismatch. 867, 885 
\ IQ scanning, 865 

W 

Waardcnhurgs syndrome, 243 
Waldenstrom's umToglobul uremia, 
319, 335-336 

Wallenberg's syndrome* 535 
Wallerian degeneration, 518 
Warfarin, % 

Wafer metabolism and transport. 
663-669 

definitions, 663-664 
liCK pathophysiology, 668-669 
fluid compartments, 665-666 
extracellular fluid (ECF) and 
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883-884, 902 
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Werdnig-l loll man disease, >07, 509* 
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syndrome)* 161* 175 
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586 
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Whipple's triad, 169 
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heme pathology * 336-338 
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336- 337 
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337- 338 

leukopenia, 322-323 
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polycythemia vera, 332-333 
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neoplastic proliferation, 324-332 
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331-332 
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chronic myelogenous, 332 
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uncertain significance, 336 
multiple myeloma, 334-335 
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macroglobuHnemia* 335-336 
reactive proliferation, 323 
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lymphadenitis, 323 
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735-736 

Wilson's disease (hepatolenticular 
degeneration l 264-265* 536, 
537, 541 

W offffPaikuisonAVhite syndrome* >8 
Wrist* 381 
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Xanthines* 874 
Xeoophthuhnia, 557 
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Xerostomia, 222. 280. 446 
XYY chronic m ones, 780-781 
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Yersinia. 287, 418 
VV nhuaent err m)litictt , 246 
Volk sac tumor, ”87* 833 


Zafirlukast, 897 

Zenker's diverticulum, 223-225, 238 
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Zollinger-Ellisons svudrome, 170, 180, 
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